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Resumen

La economia de la salud pretende asignar unos recur-
sos que son, por definicion, escasos y que, a su vez, pueden
ser invertidos para otros usos. El analisis de costes en
salud pretende comparar los pro y los contras de diversas
opciones entre las que se puede elegir, para obtener los
mayores beneficios con menores costes.

La legislacion actual sobre prescripcion de nutricion
enteral recoge definiciones confusas acerca de la via de
administracion y los requerimientos en la nutricion ente-
ral domiciliaria, no existiendo una normativa especifica
que recoja la prescripcion de suplementos orales (SO).

Desde el ano 2000 a 2007, el consumo de nutricion ente-
ral domiciliaria en Andalucia aumenté notablemente,
multiplicindose los costes generados por 37. Aunque el
nimero de personas que consumieron diariamente suple-
mentos fue superior al de las dietas por sonda (DS)
durante todos los anos evaluados, los costes derivados de
los SO superaron a los de las DS a partir del afo 2005,
debido a la combinacion de dos factores: incremento pro-
gresivo del niimero de personas a las que se les prescribie-
ron suplementos y, por otro lado, por la incorporacion de
formulaciones especificas mas caras. El empleo de suple-
mentos orales parece ser coste/efectivo en pacientes qui-
rurgicos hospitalizados (en el pre y post operatorio) y,
posiblemente, en ancianos malnutridos hospitalizados,
especialmente tras realizacion de cribado de desnutri-
cion. Aunque podrian ser eficaces, en otras circunstan-
cias, como en pacientes ambulatorios, son necesarios mas
trabajos con metodologia adecuada, para poder realizar
decisiones clinicas basadas en la evidencia y en los analisis
de costes.
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COSTS VERSUS BENEFITS OF ORAL
NUTRITIONAL SUPPLEMENTS

Abstract

Health economics pretends to assign resources that are
short in essence and that may be used for other purposes.
Health costs analysis pretends to compare the pros and
cons of several options among which an election can be
made in order to obtain greater benefits with lower costs.

The current legislation on prescription of enteral
nutrition entails confusing definitions about the adminis-
tration route and the requirements of home-based enteral
nutrition, without a specific regulation comprising the
prescription of oral supplements (OS).

From the year 2000 to 2007, the consumption of home-
based enteral nutrition in Andalusia increased conside-
rably; the costs generated being multiplied by 37. Alt-
hough the number of persons that daily consumed
supplements was higher than the number of diets through
nasogastric tube (DT) during the years evaluated, the
costs derived from OS surpassed those of DT from the
year 2005 due to the combination of two factors: a pro-
gressive increase in the number of persons to whom sup-
plements were prescribed, and on the other hand the
incorporation of more expensive specific formulations.
The use of oral supplements seems to be cost/effective in
hospitalized surgical patients (during the pre- and post-
surgical period) and possibly in hospitalized malnouris-
hed elderly, especially after performing a hyponutrition
screening. Although they may be effective, under other
circumstances, such as ambulatory patients, studies with
an adequate methodology are necessary in order to adopt
clinical decisions based on evidence and cost analysis.

(Nutr Hosp. 2009;24:251-259)
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Economia de la salud y principios de bioética

La economia de la salud es una disciplina relativa-
mente nueva que pretende asignar unos recursos que
son, por definicidn, escasos y que a su vez pueden ser
invertidos para otros usos (sanitarios o no). Es impor-
tante recordar que la sanidad publica (que cubre practi-
camente a toda la poblacién en Espafia) se financia a
partir de los presupuestos generales del Estado y que
existen previsiones de crecimiento continuo del gasto
sanitario en los préximos afios (desde el 6% del PIB
actual al 8,42% en el afio 2050) motivado por multiples
factores, entre los que destaca el incremento de la
poblacién anciana, que demanda mayores recursos
sanitarios. El andlisis de costes en salud, pretende
comparar los pro y los contras de diversas opciones
entre las que se puede elegir, no para gastar menos, si no
para “gastar mejor”, o dicho de otra forma, para obte-
ner los mayores beneficios con menores costos.

La economia de la salud, como ciencia, trata de ofre-
cer el mayor grado de bienestar posible a partir de los
recursos disponibles y éste es un objetivo ético, por
cuanto se infiere que es ético ser eficiente. En este sen-
tido los profesionales de la salud desempefiamos un
papel importante ya que, a la vez que debemos lograr
que los pacientes reciban una atencién adecuada, con
nuestras actuaciones estamos asignando recursos sani-
tarios. En 1979 Beauchamp y Childress propusieron
los principios bdsicos de la bioética'. El principio de
beneficencia establece que el profesional de la salud
debe siempre procurar el bien de sus pacientes. Intima-
mente asociado al principio de beneficencia esta el
principio de no maleficencia, que establece la necesi-
dad de no hacer dafio y expresa la prudencia en el ejer-
cicio profesional de modo que no se perjudique al
paciente con tratamientos dudosos o innecesarios. En
este sentido el profesional no debe incitar el consumo
de servicios de salud innecesarios o particularmente
costosos en la bisqueda de su propio interés; el inico
interés que debe buscar el profesional es el beneficio
del paciente. La formacion continuada del profesional
le ayudara a saber ofrecer a sus pacientes un trata-
miento de la maxima calidad. Por tanto, cuanto mas
s6lidos y profundos sean los conocimientos de la rama
médica que ejerce y mayor su destreza para ponerla en
funcion, mds ficil le serd actuar competentemente
sobre bases mas firmes. En este sentido, la Medicina
Basada en la Evidencia (o en las pruebas)?, entendida
como un proceso sistematico de busqueda, evaluacion
y uso de los hallazgos de la investigacién biomédica,
estd mejorando la toma de decisiones en la practica cli-
nica nutricional repercutiendo en la asistencia de los
pacientes y en la prevencion de enfermedades. El prin-
cipio de autonomia, proclama que se debe contar con la
opinién del paciente a la hora de tomar decisiones. El
paciente emitird su opinidn en base a sus creencias per-
sonales y a la informacién que reciba del profesional,
por lo que se involucran el consentimiento informado y
el deber de informar verazmente. El principio de auto-

nomia limita el principio de beneficencia en el sentido
de que el profesional debe contar con el beneplacito del
paciente para su realizacién. Los limites a este princi-
pio le vienen fundamentalmente del principio de justi-
cia del que hablaremos posteriormente, ya que, el bien
comun hace necesario poner limites a la libertad de
eleccién de los pacientes. En el campo de la nutricién
clinica, este principio puede ser muy importante a la
hora de tomar ciertas decisiones como la indicacién de
nutricion enteral por sonda (nasogdastricas o de gastros-
tomias) en oposicién a la suplementacion oral. El
cuarto principio es el de justicia, segtn el cual una
actuacion no puede considerarse ética si no resulta
equitativa, es decir, si no estd disponible para todos
aquellos que lo necesiten. Este principio vela por la
imparcialidad en la distribucién de los beneficios y los
riesgos. Segtin Diego Gracia®, los principios de no
maleficencia y de justicia serian jerdrquicamente supe-
riores a los de autonomia y de beneficencia, pues se
definen como criterios universales, ya que obligan aun
en contra de la voluntad de las personas. No estamos
obligados a hacer el bien a otro en contra de su volun-
tad, pero si a no hacerle mal.

En muchas ocasiones, se producen conflictos éticos
en la toma de decisiones sanitarias en funcién de los
intereses de los actores que intervienen (gestores sani-
tarios, profesionales de la salud y pacientes o cuidado-
res) y del modelo tedrico ético en que se sustentan las
actuaciones (como el modelo liberal-radical, donde se
defiende la libertad como un valor tinico y absoluto; el
modelo utilitarista, donde el fin justifica los medios y
estaria basado esencialmente en la relacion coste-bene-
ficio, el modelo sociobiolégico o el modelo persona-
lista, donde la persona es el valor supremo y no puede
ser usada como objeto).

Estudios de costes en salud

El prototipo de andlisis econémico utilizado de
forma mas frecuente para la desnutricion es la aproxi-
macion al “coste por enfermedad” que describe el
coste de una enfermedad para la sociedad e incluye los
conceptos de costes directos, indirectos y psicologicos
(intangibles).

Los costes directos abarcan los gastos de hospitali-
zacion (en centros de agudos y de residencias geridtri-
cas u hospitales de larga estancia), consultas externas,
asistencia a domicilio, medicamentos, nutricion artifi-
cial y otras terapias. En general, tienden a ser los costes
mas faciles de registrar y, por tanto, son los que se reco-
gen en la mayoria de los estudios. A pesar de ello, son
muy escasos los articulos que incluyen una evaluacion
econdmica en relacién a la nutricién clinica y, atn
menos, los que valoran estos aspectos con el uso de
suplementos orales.

Los costes indirectos comprenden las pérdidas de
productividad causadas por enfermedades a corto
plazo, jubilacién anticipada y muerte precoz antes de la
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Tabla I
Tipos de andlisis economicos

Costes Resultados
Minimizacidn de costes Monetario Efectividad
Coste-efectividad Monetario Unidad clinica
Coste-utilidad Monetario QALYs
Coste-beneficio Monetario Monetario

jubilacién. Debido a la dificultad para asignar valora-
ciones monetarias a esos pardmetros, practicamente no
existen estudios que incluyan estos costes en nutricién
clinica. Ademdas muchos pacientes con desnutricién
crénica, que requieren nutricion artificial domiciliaria
o ambulatoria, son ancianos o con enfermedades gra-
ves por lo que tienen menos posibilidades de seguir en
activo.

Los costes psicologicos o intangibles suelen despre-
ciarse porque es dificil asignar costes a factores tales
como el dolor o cambios drésticos en el estilo de vida,
que afectan a la calidad de ésta.

A lahora de elegir entre distintas opciones terapéuti-
cas en sanidad y l6gicamente en nutricion clinica, la
economia de la salud emplea diferentes opciones de
evaluacion econdmica®’ (tabla I):

Estudios de minimizacion de costes: Se usan cuando las
alternativas que se comparan tienen el mismo resultado y
la misma eficacia. Por ejemplo, si se demostrara que el uso
de nutricién enteral por sonda vs suplementos orales son
iguales de eficaces en revertir la malnutricién (y asu-
miendo que los resultados clinicos —morbimortalidad—
son similares) logicamente se deberia usar la opcién que
fuera mas barata. La alternativa de menor costo es la mas
eficiente. No obstante, para que se puedan usar los estu-
dios de minimizacion de costes, se debe demostrar clara-
mente que las alternativas tienen la misma eficacia y no
solo asumirlo, como se hace frecuentemente.

Estudios de coste-efectividad. Se usan cuando las
alternativas que se comparan tienen el mismo resultado
pero no tienen la misma eficacia, por lo que se debe
medir el coste de alcanzar cada unidad sanitaria con
cada una de las alternativas. Por ejemplo, nos puede
interesar conocer si el uso de suplementos preoperato-
rios desciende las complicaciones postoperatorias en
relacion al tratamiento convencional (dieta oral tnica-
mente). Los costes se miden en euros, délares o la
moneda que sea, y la efectividad en unidades naturales
como vidas salvadas, afios de vida salvados, complica-
ciones evitadas o dias de estancia ahorrados. El resul-
tado de estos estudios se expresa en un cociente de
coste/efectividad. La estrategia mas coste efectiva serad
la que consiga mejores resultados por el mismo o
menos dinero. Un tipo especial de estudio de coste-
efectividad es el coste-utilidad. Se usan cuando las
alternativas que se comparan no tienen el mismo resul-
tado ni la misma eficacia, o cuando una de las dimen-

siones importantes a tener en cuenta es la calidad de
vida. Salvo excepciones, existen pocos trabajos que
evalden el coste-utilidad del uso de suplementos ora-
les. Existe la dificultad afiadida de asignar un valor
monetario a la calidad de vida. Se suelen expresar
como Afios de Vida ganados Ajustados por Calidad
(AVACs o QALYs). Es el método generalmente
empleado por el National Institute for Health and Clini-
cal Excellence del Reino Unido (NICE), para elaborar
sus guias de practica clinica. El resultado de estos estu-
dios se expresa como un cociente coste/utilidad.

Estudios de coste-beneficio: Estos estudios relacio-
nan los costes de un programa sanitario o un trata-
miento con los resultados del mismo, ambos expresa-
dos en términos monetarios. En el caso de la Nutricién
Clinica es dificil asignar costes monetarios a interven-
ciones cuyos beneficios se miden en calidad de vida o
en mejoras funcionales (como son la mayoria de los
estudios evaluados).

Los costes directos de la desnutricion

En Espafia existen algunos trabajos que evalian
aspectos parciales de los costes asociados a la desnutri-
cién, especialmente en pacientes hospitalizados. El
grupo de Pérez de la Cruz? comunicaron que los pacien-
tes desnutridos consumian un 68% mds de recursos eco-
némicos que los normonutridos, debido a mayores
estancias hospitalarias y consumo de firmacos y de
soporte nutricional. Nuestro grupo’ también comprobd
que las personas desnutridas (segin Valoracién Subje-
tiva Global) tenfan mayor nimero de complicaciones,
estancias, costes y mortalidad que las personas normo-
nutridas a pesar de ingresar por diagndsticos similares.
El grupo de De Luis!" publicé los costes directos de la
nutricién enteral en un hospital terciario durante los afios
1999 a 2001 (consignando Unicamente el gasto corres-
pondiente a las nutrilineas, las férmulas nutricionales y
las sondas) correspondiendo un coste medio de 598,4
euros por paciente y de 36 euros por dia. El mismo
grupo'! analizé los costes en 102 pacientes con nutriciéon
enteral domiciliaria administrada por via oral en el 79%
de los casos, por sonda nasogdstrica en el 15% y por
ostomias en el 6%. El coste medio global por tratamiento
completo y por paciente fue de 1.800 euros (18 euros
diarios), siendo la mayoria del mismo derivado de la
prescripcién de preparados nutricionales (dada la baja
casuistica de pacientes con sonda). En el andlisis econ6-
mico no se incluyeron los costes por consultas, hospitali-
zaciones etc. Castillo y cols.'? evaluaron el coste de la
nutricién enteral domiciliaria en relacion a las diferentes
vias de acceso, demostrandose que, a pesar de que las
gastrostomias suponen un mayor coste inicial, posterior-
mente sus ventajas econdmicas pueden ser superiores a
las de otras vias. Castafio y cols."” publicaron un estudio
sobre la prescripcion de la nutricién enteral domiciliaria
(a partir del andlisis de las recetas publicas consumidas
en la comunidad de Madrid en los afios 1998 a 2001) y
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observaron un incremento de la prescripcion de envases
y, especialmente notable de los costes asociados, debido
principalmente a la incorporacion de formulaciones de
mayor importe y menos “estandar’’.

En el Reino Unido, se ha estimado que en el afio
2003 (poblacion 58.789.194 habitantes) la asistencia
a las personas desnutridas generd unos costes directos
para el sistema sanitario de aproximadamente 7,3
billones de libras’. Estas cifras fueron calculadas
mediante modelos tedricos en los que se aplicaban
valores de prevalencia de desnutricién (tanto en
pacientes ambulatorios como hospitalizados) y asig-
nando un valor econémico al incremento de costes
hospitalarios (por aumento de estancias); también se
tuvieron en cuenta los costes de la nutricidn enteral
domiciliaria y las visitas ambulatorias a los médicos
(de primaria y hospital). De los costes estimados, mds
del 50% correspondié a la hospitalizacidn de personas
desnutridas (fig. 1). Sin embargo, el coste generado
por el tratamiento de la malnutricion en si, mediante
nutricién artificial, s6lo supuso el 2% del total. Ade-
mads, la mayoria de los costes totales (casi 5 billones
de libras) fueron generados por la atencidn a personas
ancianas (mds de 65 afios). De los datos aportados, es
importante sefialar que el 72% de los costes calcula-
dos fueron “exceso de costes”, achacables directa-
mente a la desnutricién. Estos costes estan claramente
estimados a la baja ya que utilizan datos de prevalen-
cia de desnutricién moderados y, ademds, no incluyen
costes indirectos. Hasta la fecha no existen datos
similares publicados en Espafia.

Situacion legal de la prescripcion
de los suplementos en Espana

Tal como se recoge en el V foro de debate SENPE",
sobre problemadtica de la nutricion artificial domiciliaria
y ambulatoria, la legislacion actual'*'¢ sobre prescrip-
cion de nutricién enteral recoge definiciones confusas
acerca de la via de administracién y los requerimientos
en la nutricién enteral domiciliaria (NED).

Asi, la normativa recoge que la “nutricién enteral
serd administrada principalmente por sonda y, ocasio-
nalmente, por via oral” y en la definicién de férmulas
enterales para NED que “son una mezcla definida de
macro y micronutrientes para su uso como Unica fuente
nutricional, fabricadas para uso a través de sondas de
alimentacion y excepcionalmente por via oral, con pre-
sentaciones liquidas o en polvo y que su proceso de
fabricacion debe ser diferente de la deshidratacién
directa o trituracion de alimentos, o mezcla de alimen-
tos de consumo ordinario, simple o elaborada”.

Esta normativa crea confusion y fuerza la conver-
sién de los suplementos orales en férmulas completas
(aunque, en la préctica, se presenten en envases peque-
fos, generalmente menores a 250 ml) y excluye a los
productos de textura modificada via oral, siendo nece-
sario el empleo de la sonda.

2%
5% ‘m
7%

35% 51%

[ Hospital [ Residencias

O Visitas médicas E Visitas domicilio

B Nutricién artificial

Fig. 1 —Distribucién en porcentaje de los costes derivados de la
atencion a las personas con desnutricion en el Reino Unido (2003).

Esta legislacion tedricamente impediria, si se cum-
ple la ley de forma estricta, el que un paciente con
enfermedad neuroldgica progresiva pueda prevenir o
tratar la desnutricién con aporte de NED por via oral
como paso previo a la sonda de alimentacién defini-
tiva. Por otro lado, s6lo se considera NED a la adminis-
tracién de férmula por sonda y que cubra mas del 75%
de los requerimientos.

Por tanto, la normativa no contempla la prescripcion
de suplementos orales con criterios clinicos, ni la aten-
cién especifica a la disfagia. No obstante, para com-
pensar, en el RD 1.030/2006, se recoge que “en el caso
de pacientes con disfagia neurolégica o excepcional-
mente motora, pero que sufren aspiracion o riesgo de
aspiracion para alimentos liquidos se les pueden indi-
car médulos espesantes” (también con requisito previo
de visado de recetas).

La exclusion para nutricién enteral via oral de la dis-
fagia neuromotora tiene una importante repercusion
socio-sanitaria ya que discrimina al mayor, especial-
mente al mas fragil.

El marco legal se aleja, en la actualidad, claramente
de la realidad ya que, como se recoge en el tltimo
registro que publica el grupo NADYA (del afio 2006)",
la mayoria de las prescripciones de NED se realiza por
via oral, siendo la enfermedad de base mas frecuente la
patologia neurolégica 42% (teéricamente no deberian
beneficiarse muchos de ellos de esta prescripcion),
seguida del cancer 28%. Es posible que la aplicacién
estricta de la legislaciéon en los préximos afios favo-
rezca una reduccion de la prescripcion de NED en
enfermedades neuroldgicas por via oral.

Por otro lado, la normativa deja algunas ausencias
notables en la lista de enfermedades aprobadas (como
la caquexia cardiaca y respiratoria, la disfagia aislada,
la insuficiencia renal crénica del adulto, la anorexia
nerviosa o la rehabilitacién tras enfermedad catab6-
lica) que excluyen el criterio del facultativo y limitan la
eficacia de su intervencion.
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2a) Consumo de nutricion enteral en Andalucia (2000-2007)
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En la legislacidn se deja entrever un dificil equilibrio
entre los deseos de la administracion (que debe velar
por una racionalidad en la distribucién de recursos y,
por tanto, pretende limitar el empleo de una tecnologia
con un impacto econdémico apreciable en indicaciones
de eficacia incierta y evitar abusos) y la de los profesio-
nales (que intentan ofrecer al paciente concreto los
mejores recursos disponibles para mejorar su estado
nutricional, calidad de vida e, incluso en ciertas ocasio-
nes, mejorar el prondstico de la enfermedad de base)'.
La demostracion de una reduccién de costes sanitarios
asociada a la prescripcién de suplementos orales seria,
por tanto, un argumento mas solido para encontrar pun-
tos de acuerdo con la administracion.

La situacion en otros paises europeos es muy varia-
ble, dependiendo de la legislacién vigente, en lo rela-
tivo a la financiacién de los suplementos orales que
pueden reembolsarse total, parcialmente o incluso no
estar financiado para los usuarios'*2.

En el caso de Estados Unidos, la politica de financia-
cién y reembolso de las grandes aseguradoras facilita
que el péndulo de la prescripciéon de la NED, oscile cla-
ramente hacia el lado opuesto, en comparacién con lo
que sucede en Espafia y en otros paises. En la literatura,
no estd suficientemente aclarado si la gastrostomia per-
cutanea endoscopica (PEG) en personas con demencia

avanzada, disminuye el riesgo de aspiracion, mejora el
confort en familiares y pacientes y disminuye otras com-
plicaciones (como las tlceras), la mortalidad o los costes
asociados. Sin embargo, se ha descrito una prevalencia
inapropiadamente elevada de gastrostomias en pacientes
con demencia avanzada, ingresados en residencias de
USA?>22, Posiblemente los incentivos a los hospitales,
para reducir los dias de estancia, los pagos a los endosco-
pistas por realizar la PEG, a las enfermeras por los cuida-
dos, etc., influencian tomas de decisiones excesivamente
intervencionistas entre los profesionales sanitarios®'. En
algunos centros se han implementado incluso, estrate-
gias planificadas para reducir el uso inapropiado de gas-
trostomias en esta indicacion®.

Tendencias de uso y costes de los suplementos
en Espana

Nuestro grupo ha analizado las tendencias de uso y
consumo de nutricién enteral y de suplementos orales en
la comunidad auténoma de Andalucia desde el afio 2000
al afio 2007 (ambos inclusive) y los costes generados por
su prescripcion (figs. 2a y 2b). Los datos proceden de la
facturacion de recetas publicas de los productos de nutri-
cion enteral suministrados por la Consejeria de Salud
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(Subdireccion de Prestaciones). Para los calculos emple-
amos la metodologia de las dosis-diarias-definidas*. No
tuvimos en cuenta los productos categorizados como
tratamientos dietoterdpicos complejos (para pacientes
que padezcan determinados trastornos metabdlicos con-
génitos) pero si los mddulos nutricionales (incluyendo
espesantes). En los afos evaluados, el consumo de nutri-
cion enteral domiciliaria (sumando todos los tipos de
formulaciones) aument6 notablemente, multiplicindose
los costes generados por 37 en 7 afios, pasando de 1,3
millones de euros en el afio 2.000 a mas de 37 millones
(afio 2007). Aunque el niimero de personas diarias que
consumieron suplementos fue mayor durante todos los
afios evaluados, los costes derivados de los suplementos
superaron a los de las dietas por sonda sélo a partir del
afio 2005, debido a la combinacién de dos factores:
incremento progresivo del nimero de personas a las que
se les prescriben suplementos y, por otro lado, por la
incorporacién de formulaciones especificas mds caras.
En los dltimos afios se constatd, ademas, un incremento
progresivo del consumo de espesantes (aunque con
escasa repercusion en los costes globales). Estos datos
parecen reflejar bien el consumo en Espafia, ya que
Andalucfa, supone aproximadamente el 40% del coste
total de la facturacion por recetas.

Considerando s6lo el afio 2007, la prescripcion de
nutricién enteral domiciliaria (incluyendo enteral por
sonda, suplementos, médulos y espesantes) supuso el
2,29% de los costes directos generados por la factura-
cion de recetas publicas en Andalucia. De ellos, aproxi-
madamente la mitad correspondieron a la prescripcién
de suplementos orales. Como se puede apreciar en la
figura 3, en la que se refleja la distribucién de los costes
en el afio 2007 generados por los suplementos en Anda-
lucia, el 23% de los mismos corresponden a productos
disefiados para personas con diabetes y el 10% a suple-
mentos para pacientes con caquexia oncoldgica. Tam-
bién hemos evaluado, empleando la misma metodolo-
gia, el consumo de suplementos orales en el conjunto
del estado Espafiol, a partir de los datos suministrados
por la empresa IMS. El coste total generado por los
suplementos fue de casi 51 millones de euros, de los
que el 22% de los mismos corresponden a suplementos
disefiados para personas con diabetes y el 19% para
pacientes con caquexia oncolégica. Posiblemente, una
prescripcién de los suplementos orales especificos
guiada dnicamente por el perfil tedrico del producto y
no basada en las gufas de practica clinica*>?, podria
estar incrementando el coste en determinadas indica-
ciones, para las que no han sido suficientemente testa-
das, y disminuyendo la eficiencia de la misma.

Es coste-efectivo el uso de suplementos orales?

Los suplementos orales mejoran la ingesta, el estado
nutricional e incluso la funcionalidad y la calidad de vida
de los pacientes con patologias agudas o crénicas®; no
obstante, existen mayores dudas sobre si, ademads, son

3a)
Costes de los suplementos orales en Andalucia 2007
(21.758.384 euros)
Diabéticos
23%
Proteicos
25%
Ulceras
0%
Caquexia
cancerosa
10%
Moédulos
8%
Energéticos ;
27% Estdndar
7%
3b)

Costes de los suplementos orales en Espana 2007
(50.758.612 euros)

Diabéticos
22%
Proteicos
28% P
Ulceras
1%

Caquexia
cancerosa
19%

Médulos
2%

Energéticos Estdndar
30% 0%

Fig. 3—Contribucion (en porcentaje) a los costes generados por la
facturacion de suplementos orales (mds modulos nutricionales) en
Andalucia y Esparia (2007). Los datos de Andalucia proceden de la
facturacion de recetas puiblicas (Consejeria de Salud de la Junta de
Andalucia). Los datos del total Espaniol proceden de los datos de
mercado suministrados por IMS).

capaces de mejorar el prondstico (disminuir morbimor-
talidad). Para poder realizar andlisis de costes entre dis-
tintas opciones terapéuticas es necesario que se incluyan
en los estudios variables a las que se les pueda asignar un
valor econémico (no sélo parametros funcionales, de
calidad de vida o nutricionales). Sin embargo, en la lite-
ratura existen muy pocos trabajos que evalten el empleo
de los suplementos orales que ademads sean: aleatoriza-
dos y con nimero suficiente de pacientes, a largo plazo,
que evaltien aspectos con impacto econdmico (mortali-
dad, morbilidad, ingresos, reingresos y estancias hospi-
talarias, atencién en urgencias, frecuentacién al médico
y enfermeria, asistencia a domicilio...) y que, ademas,
incluyan una evaluacién econémica. Por ello, como
veremos posteriormente, es muy dificil sacar conclusio-
nes definitivas, especialmente con sujetos que reciben
los suplementos a nivel ambulatorio.
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Coste-efectividad de los suplementos orales
en personas hospitalizadas

En un articulo reciente, Russel” realizé un analisis
de costes sobre el uso de suplementos orales compara-
dos con tratamiento convencional en pacientes hospita-
lizados. Para ello analiz6 tinicamente trabajos aleatori-
zados o cruzados publicados hasta el afio 2004. Para
estimar los costes contabilizé los suplementos consu-
midos y el nimero de dias de estancia y complicacio-
nes (pero no incluy6 datos de posible ahorro por morta-
lidad evitada). A estos conceptos les asignd un coste
estandarizado (por suplemento, estancia o complica-
cién mayor o menor) en funcién de los datos en el
Reino Unido para el afio 2003.

Pacientes quirdrgicos

Russel”, tras incluir a seis articulos en los que se
empleaba suplementacion oral en pacientes sometidos
a cirugia (sobre todo abdominal)*-*, observé un ahorro
neto de unos 897 euros por paciente con el uso de la
misma si se estimaba mediante descenso de estancias y
de 253 euros si se estimaba por reduccién de complica-
ciones durante el ingreso. En otros dos trabajos*~ rea-
lizados en pacientes sometidos a cirugia traumatolé-
gica (fracturas de caderas) también se observé que la
suplementacién oral era coste-efectiva con ahorros de
entre 550 y 5.600 euros por reduccién de estancias y
entre 550 y 1.100 euros por reducciéon de complicacio-
nes.

El grupo de Braga y cols.”’, demostrd, en un estudio
realizado en un solo centro, que el empleo durante 5
dias de un suplemento con inmunonutrientes preopera-
toriamente en pacientes sometidos a cirugia abdominal
programada (independientemente de su estado nutri-
cional) y comparado con el tratamiento convencional
(no suplementacién), era claramente coste-efectivo
con un ahorro neto de 3.260 euros por paciente deri-
vado del descenso de complicaciones.

La suplementacién oral de corta duracién previo a la
admision hospitalaria para cirugia electiva facilitd, en
otros tres trabajos recogidos en la revision de Rus-
sell?*¥3% una reduccion neta de costes de unos 860
euros (estimado en funcidn de la reduccién de estan-
cias).

Pacientes de area médica o mixta

Russel” incluyd dos estudios realizados en pacientes
hospitalizados en plantas geridtricas generales**’, uno
en pacientes neurolégicos tras ACV* y otro en plantas
mixtas®. En tres de ellos el andlisis de costes derivé en
un ahorro neto de 418 a 2.692 euros por paciente en
funcion del descenso de estancias o de unos 148 euros,
si se estimaba por reduccién de complicaciones. No
obstante, en el estudio realizado en plantas medicoqui-

rirgicas se observé un incremento notable de los costes
con el uso de la suplementacién de 1674,3 euros por
paciente, estimando los mismos en funcién de estan-
cias.

En el afio 2005, se publicé el estudio FOOD*. En
este macro trabajo (con mas de 4.000 pacientes aleato-
rizados) no se objetivaron beneficios de la suplementa-
cién sistematica de los pacientes que sufrieron un ACV
y que podian deglutir, en cuanto a mortalidad, descenso
de estancias o complicaciones. No obstante, s6lo un
8% de los mismos fue considerado como desnutrido,
existiendo publicaciones que sefialan que los suple-
mentos, especialmente en ancianos, serian mas efecti-
vos (y posiblemente, por tanto, mas coste-efectivos)
s6lo en desnutridos*#.

El NICE* ha realizado una evaluacién del uso de
suplementos objetivando en un meta-andlisis (suple-
mentos vs tratamiento convencional) que producen un
descenso significativo de las complicaciones y de la
mortalidad, pero no de las estancias hospitalarias. Ade-
mas, realizaron una evaluacion econémica del uso de
suplementos orales en personas ancianas, en el con-
texto de un programa universal de cribado de la desnu-
tricién hospitalaria, y concluyeron que, posiblemente
sea una actuacion claramente coste-efectiva en térmi-
nos de costes por aflo de vida ganados ajustados por
calidad de vida. No obstante, comentan que los estu-
dios aleatorizados y controlados disponibles son de
insuficiente calidad como para estimar los costes con
adecuada precision. Por otro lado el NICE critica el
estudio de Russell, ya que estiman los costes sobre todo
a partir de descenso de estancias (datos no corrobora-
dos por el NICE) y por que no incluyen otros costes en
el computo de los gastos.

Coste-efectividad de los suplementos orales
en pacientes ambulatorios

Hasta la fecha s6lo se han publicado dos estudios
aleatorizados que evalian el impacto econémico del
uso de suplementos nutricionales orales en la comuni-
dad. En el estudio de Edington y cols.”, realizado en el
Reino Unido, se compar6 el uso de suplementos orales
tras el alta hospitalaria en pacientes ancianos desnutri-
dos (n = 51), frente al tratamiento convencional
durante ocho semanas (n = 49). El objetivo era valorar
si se reducian los costes directos generados (que
incluian visitas al médico de primaria, visitas a domici-
lio médicas y de enfermeria, ingresos hospitalarios, y
otros). El periodo de observacion fue de seis meses tras
el altay compardandolo con el mismo periodo de tiempo
previo al ingreso. A pesar de que los pardmetros nutri-
cionales mejoraron ligeramente en el grupo suplemen-
tado a los seis meses, sorprendentemente se observaron
incrementos significativos de los costes derivados, res-
pecto al grupo control, debido a un mayor nimero de
admisiones hospitalarias en los pacientes que requirie-
ron rehospitalizacién. No obstante, no se observaron
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diferencias en los costes totales. Tampoco mejoré la
calidad de vida y la fuerza muscular (dinamometria de
mano), que aunque aument6 en el grupo suplementado
tras las primeras 8 semanas, volvio a su valor inicial
posteriormente.

En otro trabajo del grupo de Arnaud-Battandier®, se
valoraron los costes generados por la atencién a pacientes
ancianos malnutridos y la repercusion del uso de suple-
mentos orales durante 12 meses. Se basé en una compara-
cion prospectiva de dos cohortes de pacientes atendidos
en distintas zonas sanitarias con una alta (n = 186) o baja
(n=125) prescripcion de suplementos orales. Los pacien-
tes en el grupo con mayor consumo de suplementos gene-
raron mayor coste por la prescripcion de los mismos
(diferencia respecto al grupo control de 528 euros) y
mejoraron significativamente la puntuacién del Mini
Nutrititional Assessment. En el cémputo global, reduje-
ron el nimero de admisiones hospitalarias (con un ahorro
total respecto al grupo control de 551 euros) y las consul-
tas a médicos de familia y enfermeros (ahorro de 155
euros). Sin embargo, no se observaron reducciones esta-
disticamente significativas en los costes totales (s6lo se
objetivo un ahorro neto en el grupo total de 195 euros), ni
en lamortalidad o en otras variables evaluadas.

Aunque no se han publicado otros trabajos en la litera-
tura que incluyan una evaluacién econémica del uso
ambulatorio de suplementos, existen estudios que anali-
zan variables clinicas de resultados (complicaciones,
mortalidad) que pueden ser traducidas a costes y otros,
en los que no es facil separar la evaluacién de costes
ambulatorios y hospitalarios. Por ejemplo, Beattie y
cols.? y Smedley y cols.*, evaluaron la continuacién a
nivel ambulatorio de los suplementos orales iniciados en
el ambito hospitalario (a corto plazo), estimandose aho-
rros econdémicos en funcién de la reduccion de costes
asociados al descenso de estancias en el Hospital (unos
900 euros por paciente), pero con pequefias reducciones
(81 euros) o incluso incrementos (100 euros) si se esti-
maban en funcién de las complicaciones’.

También Stratton y cols.*, en una “revision de revi-
siones” sobre el uso de suplementos orales, concluye
que, tanto las evaluaciones sistemdticas como los
metaanalisis, consistentemente indican un menor
ntimero de complicaciones asociadas al uso de suple-
mentos, incluyendo reduccién de infecciones y tlceras
por presién siendo los beneficios mds evidentes en
pacientes hospitalizados (como ya se comentd) y en
pacientes dados de alta desde el hospital al ambito
comunitario. Son necesarios, por el contrario, mas
estudios (y mejor disefiados) sobre el efecto de los
suplementos sobre la morbimortalidad (y costes) en
pacientes ambulatorios con patologias especificas
(como cancer, insuficiencia respiratoria, enfermedad
pulmonar obstructiva crénica, fibrosis quistica, enfer-
medad hepatica, y otras). Es importante resaltar que los
datos derivados de los estudios en pacientes hospitali-
zados no deben ser extrapolados a los pacientes ambu-
latorios. Recientemente se ha publicado un trabajo ale-
atorizado con 80 pacientes que recibieron suplementos

orales junto con consejo dietético (n = 38) durante tres
meses vs no suplementacién y consejo (n = 42), en
sujetos dados de alta hospitalaria por patologia gas-
trointestinal no neoplésica®. El peso y la masa libre de
grasa mejord en ambos grupos significativamente. No
obstante la dinamometria de mano y la calidad de vida
mejord unicamente en el grupo suplementado. Aunque
no se incluyé una evaluacion econémica, las personas
suplementadas tuvieron menos readmisiones que los
no suplementados. El grupo de Salas-Salvad6* demos-
tré s6lo mejoria de pardmetros nutricionales en ancia-
nos con Alzheimer suplementados con una dieta oral
modificada basada en alimentos liofilizados (n = 24) vs
consejo dietético (n = 29), pero sin encontrar diferen-
cias en el MNA, las hospitalizaciones o la mortalidad.

Como se deriva de las lineas precedentes, son necesa-
rios mds trabajos y mejor disefiados para poder incluir
las evaluaciones econdmicas en la toma de decisiones
clinicas respecto al empleo de suplementos orales, espe-
cialmente en pacientes ambulatorios. No obstante la
ausencia de evidencia no implica, necesariamente, la
evidencia de ausencia.

Conclusiones

El empleo de suplementos orales parece ser coste/
efectivo en pacientes quirurgicos hospitalizados (en el
pre y post operatorio) y, posiblemente, en ancianos mal-
nutridos hospitalizados, especialmente tras realizacién
de cribado de desnutricién. Aunque podrian ser eficaces,
en otras circunstancias, especialmente en pacientes
ambulatorios, son necesarios mas trabajos con metodolo-
gia adecuada, para poder realizar decisiones clinicas
basadas en la evidencia y en los andlisis de costes.

Referencias

1. Beauchamp BL, Walters LR, eds. Contemporary Issues in Bio-
ethics. 2* ed. Belmont: Wadsworth Publishing Company; 1982.

2. Evidence-Based Medicine Working Group. Evidence-based
medicine. A next approach to teaching the practice of medicine.
JAMA 1992; 268: 2420-2425.

3. Gracia D. Fundamentos de Bioética. Madrid: Endema;1989.

4. Drummond MF. Cost-of-illness studies: a major headache?
Pharmacoeconomics 1992; 2: 1-4.

5. Olveira G, Carral F. Costes de la diabetes: una reflexion desde
la situacion asistencial en Espafia. Av Diabetol 2000; 16: 121-
130.

6. O’Brien B, Drummond M, Richardson WS, Levine M, Heyland
D, Guyatt G. Economic analysis. In: Guyatt G, Rennie D, eds.
Users’ guides to the medical literature. Chicago: AMA Press;
2002, 621-44.

7. Russell CA. The impact of malnutrition on healthcare costs and
economic considerations for the use of oral nutritional supple-
ments. Clin Nutr 2007; 2: 25-32.

8. Pérez de la Cruz A, Lobo Tamer G, Orduiia Espinosa R,
Mellado Pastor C, Aguayo de Hoyos E, Ruiz Lopez MD. Des-
nutricién en pacientes hospitalizados: prevalencia e impacto
econémico. Med Clin (Barc) 2004; 123: 201-6.

9. Goiburu ME, Olveira G, Soriguer y cols. Mortalidad y morbili-
dad asociados a malnutricién hospitalaria. Endocrinol Nutr
2001;48:51.

258 Nutr Hosp. 2009;24(3):251-259

G. Olveira y cols.



10.

11.

12.

14.

15.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

De Luis Roman D, Aller de la Fuente R, Cuéllar Olmedo LA y
cols. Nutricién enteral: costes directos en su hospital terciario.
Rev Clin Esp 2004; 204: 98-100.

De Luis Roman D, Aller de la Puente R, de Luis Roman J, Cué-
Ilar Olmedo LA, Terroba Larumbe MC, Izaola Jauregui O.
Nutricién enteral domiciliaria, andlisis de eficiencia de un Area
de Salud. Rev Clin Esp 2003; 203: 317-20.

Castillo Rabaneda RM, Gémez-Candela, De Cos Blanco Al,
Gonzilez Ferndndez B, Iglesias Rosado C. Evaluation of the
cost of home enteral nutrition in relation to different access rou-
tes. Nutr Hosp 1998; 13: 320-4.

Castano Escudero A, Pérez Gabarda ME. Nutricion enteral domi-
ciliaria en la comunidad de Madrid. Nutr Hosp 2004; 19: 68-72.
Garcia de Lorenzo A, Alvarez J , Calvo MV y cols. V Foro de
Debate SENPE. Problematica actual de la nutricidn artificial
domiciliaria y ambulatoria. Nutr Hosp 2008; 23: 81-84.

RD 1.030/2006, 15 de septiembre de 2006 (BOE, 16 de sep-
tiembre, 2006).

Orden SCO/3.858/2006, 5 de diciembre de 2006 (BOE, 20 de
diciembre, 2006).

Cuerda C, Chicharro ML, Frias L y cols. Registro de la nutri-
cioén enteral domiciliaria en Espafia en el afio 2006 (Grupo
NADYA-SENPE). Nutr Hosp 2008; 23: 95-99.

Olveira G, Muifioz A. Importancia del soporte nutricional
ambulatorio. En: Escobar L y Aguilar M (dir). Nutricién y Hor-
monas. Madrid: Ergén ediciones SA, 2001: 373-385.

Moreno Villares JM. La préctica de la nutricion artificial domi-
ciliaria en Europa. Nutr Hosp 2004; 19: 59-67.

Moreno JM, Shaffer J, Staun M y cols. Home Artificial Nutri-
tion Working Group-ESPEN. Survey on legislation and fun-
ding of home artificial nutrition in different European coun-
tries. Clin Nutr 2001; 20: 117-23.

Finucane TE, Christmas C, Leff BA. Tube feeding in dementia:
how incentives undermine health care quality and patient
safety. J Am Med Dir Assoc 2007; 8: 205-8.

Mitchell SL, Buchanan JL, Littlehale S, Hamel MB. Tube-fee-
ding versus hand-feeding nursing home residents with advan-
ced dementia: a cost comparison. J Am Med Dir Assoc 2004; 5
(Supl. 2): 22-9.

Monteleoni C, Clark E. Using rapid-cycle quality improvement
methodology to reduce feeding tubes in patients with advanced
dementia: before and after study. BMJ 2004 28;329:491-4.
Olveira Fuster G, Garcia Garcia-Doncel L, Carral SanLaureano
F, Domenech Cienfuegos I, Arencibia Rivero T, Manzano Mar-
tin MV. Dispensacién de los productos dietoterapéuticos
mediante dosis unitarias en un hospital universitario: efectos
sobre el consume y costes. Nutr Hosp 2000; 15: 58-63.

ASPEN Board of Directors and The Clinical Guidelines Task
Force. Guidelines for the Use of Parenteral and Enteral Nutrition
in Adult and Pediatric Patients. JPEN 2002; 26 (Supl. 1): 22-32.
Bellido D, Ballesteros, Alvarez J, del Olmo D. Nutricién
basada en la evidencia (monografico). Endocrinol Nutr 2005;
52 (Supl.2): 1-114.

Valentini L, Schiitz T, Allison SP, Howard P, Pichard C, Lochs
C. ESPEN Guidelines on adult enteral nutrition. Clin Nutr
2006; 25: 177-360.

Stratton RJ, Elia M. A review of reviews: A new look at the evi-
dence for oral nutritional supplements in clinical practice. Clin
Nutr2007; 18 (Supl. 2): 29-84.

Rana SK, Bray J, Menzies-Gow N, Jameson J, Payne James JJ,
Frost Py cols. Short term benetfits of post-operative oral dietary
supplements in surgical patients. Clin Nutr 1992; 11: 337-44.
Smedley F, Bowling T, James M, Stokes E, Goodger C, O’Con-
nor Oy cols. Randomized clinical trial of the effects of preope-
rative and postoperative oral nutritional supplements on clini-
cal course and cost of care. BrJ Surg 2004; 91: 983-90.

Beattie AH, Parch AT, Baxter JP, Pennington CR. A randomi-
zed controlled trial evaluating the use of enteral nutritional sup-
plements postoperatively in malnourished surgical patients.
Gut 2000; 46: 813-8.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Keele AM, Bray MJ, Emery PW, Duncan HD, Silk BDA. Two
phase randomised controlled clinical trial of post-operative and
dietary supplements in surgical patients. Guz 1997; 40: 393-7.
MacFie J, Woodcock NP, Palmer MD, Walker A, Townsend S,
Mitchell CJ. Oral dietary supplements in pre- and postoperative
surgical patients: a prospective and randomized clinical trial.
Nutrition 2000; 16: 723-8.

Saluja SS, Kaur N, Shrivastava K. Enteral nutrition in surgical
patients. Surg Today 2002; 32: 672-8.

Delmi M, Rapin C-H, Bengoa J-M, Delmas PD, Vasey H, Bon-
jour J-P. Dietary supplementation in elderly patients with frac-
tured neck of femur. Lancet 1990; 335: 1013-6.

Lawson RM, Doshi MK, Barton JR, Cobden I. The effect of
unselected post-operative nutritional supplementation on nutri-
tional status and clinical outcome of orthopaedic patients. Clin
Nutr2003; 22: 39-46.

Braga M, Gianotti L. Preoperative immunonutrition: cost-
benefit analysis. J Parenter Enteral Nutr 2005; 29: S57-S61.
Flynn MB, Leightty FF. Preoperative outpatient nutritional
support of patients with squamous cancer of the upper aerodi-
gestive tract. Am J Surg 1987; 154: 359-62.

Potter JM, Roberts MA, McColl JH, Reilly JJ. Protein energy
supplements in unwell elderly patients: a randomized contro-
lled trial. J Parenter Enteral Nutr 2001; 25: 323-9.

Gazzotti C, Arnaud-Battandier F, Parello M, Farine S, Seidel L,
Albert A y cols. Prevention of malnutrition in older people
during and after hospitalisation: results from a randomised con-
trolled clinical trial. Age Ageing 2003; 32: 321-5.

Gariballa SE, Parker SG, Taub N, Castleden CM. A randomi-
sed controlled single-blind trial of nutritional supplementation
after acute stroke. J Parenter Enteral Nutr 1998; 22: 315-9.
Vlaming S, Biehler A, Hennessey EM, Jamieson CP, Chattop-
hadhyay S, Obeid OA y cols. Should the food intake of patients
admitted to acute hospital services be routinely supplemented?
A randomized placebo controlled trial. Clin Nutr 2001; 20:
517-26.

Dennis MS, Lewis SC, Warlow C; FOOD Trial Collaboration.
Routine oral nutritional supplementation for stroke patients in
hospital (FOOD): a multicentre randomised controlled trial.
Lancet 2005; 365: 755-63.

Milne AC, Avenell A, Potter J. Meta-analysis: protein and
energy supplementation in older people. Ann Intern Med 2006;
144:37-48.

Koretz RL, Avenell A, Lipman TO, Braunschweig CL, Milne
AC. Does enteral nutrition affect clinical outcome? A systema-
tic review of the randomized trials. Am J Gastroenterol 2007,
102:412-29.

National Collaborating Centre for Acute Care, February 2006.
Nutrition support in adults Oral nutrition support, enteral tube
feeding and parenteral nutrition. National Collaborating Centre
for Acute Care, London. Available from www.rcseng.ac.uk
Edington J, Barnes R, Bryan F, Dupree E, Frost G, Hickson M y
cols. A prospective randomised controlled trial of nutritional
supplementation in malnourished elderly in the community:
clinical and health economic outcomes. Clin Nutr 2004; 23:
195-204.

Arnaud-Battandier F, Malvy D, Jeandel C, Schmitt C, Aussage
P, Beaufrere B y cols. Use of oral supplements in malnourished
elderly patients living in the community: a pharmaco-economic
study. Clin Nutr 2004; 23: 1096-103.

Norman K, Kirchner H, Freudenreich M, Ockenga J, Lochs H,
Pirlich M. Three month intervention with protein and energy
rich supplements improve muscle function and quality of life in
malnourished patients with non-neoplastic gastrointestinal
disease — a randomized controlled trial. Clin Nutr 2008; 27: 48-
56.

Salas-Salvad6 J, Torres M, Planas M y cols. Effect of oral
administration of a whole formula diet on nutritional and cogni-
tive status in patients with Alzheimer’s disease. Clin Nutr 2005;
24:390-7.

Costes de los suplementos nutricionales

orales

Nutr Hosp. 2009;24(3):251-259

259



Hoorioto

Revision

Nutr Hosp. 2009;24(3):260-272
ISSN 0212-1611 « CODEN NUHOEQ
S.V.R. 318

Interaccion de los antineoplasicos orales con los alimentos:

revision sistematica

N. V.Jiménez Torres'?, I. Romero Crespo!, M. Ballester Solaz?®, A. Albert Mar{' y V. Jiménez Arenas*

Servicio de Farmacia. Hospital Universitario Dr. Peset. Valencia.

!Facultativo Especialista en Farmacia Hospitalaria. *Departamento de Farmacia y Tecnologia Farmacéutica. Facultad de Far-
macia. Universidad de Valencia. Licenciada en Farmacia. *Unidad de Investigacion Epidemiolégica (EPIFARM). CSISP. Con-

selleria de Sanitat. Valencia. Espana.

Resumen

Introduccion: Los estudios de biodisponibilidad son
parte integrante del desarrollo clinico de medicamentos
para administracion oral con el fin de identificar potencia-
les interacciones farmaco-alimento (iFA). Actualmente,
para los antineoplasicos orales se empieza a reconocer su
importancia clinica, aun cuando lamentablemente, la
informacién disponible presenta variabilidad en su evi-
dencia cientifica.

Objetivos: Revisar la evidencia cientifica disponible
sobre las interacciones de los alimentos con medicamen-
tos antineoplasicos orales y establecer recomendaciones
para su administracion.

Métodos: Se realizé una bisqueda bibliografica en
Medline y The Cochrane Library para el periodo com-
prendido entre enero de 1966 a marzo de 2008, enfocada a
identificar las publicaciones sobre interacciones farmaco
alimento con antineoplasicos orales. El analisis bibliogra-
fico consta de dos fases. En la primera fase se excluyeron
los articulos que por titulo y contenido del resumen no se
correspondian con el objetivo planteado; en la segunda
fase se eliminaron las referencias duplicadas en ambas
bases de datos.

Los criterios de inclusion para seleccionar los articulos
fueron: diseno (revisiones sistematicas, metaanalisis,
ensayos clinicos randomizados Fase I y II), poblacion
(pacientes adultos; >19 anos de edad), intervencion eva-
luada (administracion de antineoplasicos orales bajo con-
diciones de ayuno o con alimentos) y medida del resultado
de la iFA (calculo del IC90% de la razon entre la media
geométrica de valores del area bajo la curva de concen-
traciones plasmaticas (ABC) o la concentracion plasma-
tica maxima (Cmax) con y sin alimentos). Se excluyeron
las publicaciones que como medida de resultado no
hacian referencia al dictamen de bioequivalencia estable-
cido por la Food and Drugs Administration (FDA). La
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ANTINEOPLASTIC ORAL AGENTS AND
DRUG-NUTRIENT INTERACTIONS:
A SISTEMATIC REVIEW

Abstract

Introduction: studies on bioavailability are part of the
clinical development of drugs for oral use in order to
identify potential drug-food interactions. For oral anti-
tumor drugs, their clinical importance is currently recog-
nized although regrettably the information available pre-
sents variability concerning the scientific evidence.

Objectives: To review the available scientific evidence
about oral anti-tumor medications and establish the rec-
ommendations for their administration with foods.

Methods: We carried out a bibliographic search in
Medline and The Cochrane Library for the period Janu-
ary of 1966 to March of 2008, focused on identifying those
publications about drug-food interactions with oral anti-
tumor medications. The bibliographical analysis was
made in two steps. During the first phase, we excluded
those articles in which the title or their content did not
correspond with the objective settled; during the second
phase, we deleted all the references duplicated in both
databases.

The inclusion criteria to select the articles were: design
(systematic reviews, meta-analysis, Phase I and Phase 11
randomized clinical trials), population (adult patients;
>19 years of age), intervention evaluated (administration
of oral anti-tumor drugs under fasting conditions or with
food) and measurement of the iFA results (calculation of
the 90% CI of the odds ratio between the geometric mean
of the values under the curve of the plasma concentra-
tions (ABC) or the maximal plasma concentration
(Cmax) with and without foods). We excluded those pub-
lications that did not make reference to the bioequiva-
lence dictamen established by the Food and Drugs
Administration (FDA) in their outcomes measurement. A
critical appraisal of the selected articles was done accord-
ing to the recommendations that the FDA established to
be met by these studies.

Results: At the initial search we obtained 850 refer-
ences (98.5% Medline + and 1.4% Cochrane). During the
first phase, we excluded 87.7 % (746) of the articles, 100 %
of them corresponding to the search in Medline. During



valoracion critica de los articulos seleccionados se realizd
segun las recomendaciones que de acuerdo con la FDA
deben cumplir estos estudios.

Resultados: En la busqueda inicial se obtuvieron 850
referencias (98,5% Medline + y 1,4% Cochrane). En la
primera fase se excluyeron el 87,7 % (746) de los articulos,
correspondiendo el 100% a la biusqueda en Medline. En
la segunda fase, quedaron 40 articulos (5,2% de los inicia-
les) para su lectura critica a texto completo, a los que se
anadieron cuatro mas no indexados en Medline.

De la lectura critica de los 44 articulos finales, se exclu-
yeron 25 articulos (20 articulos originales, 4 comunicacio-
nes cortas y 1 metanalisis) por no incluir como medida de
resultado el dictamen de bioequivalencia. Los 19 (2,2%)
articulos restantes proporcionaron informacion sobre 19
farmacos antineoplasicos orales, en 210 pacientes y 146
voluntarios sanos. De estos 19 farmacos, el 63% no pre-
sentan iFA o interacciones farmaco-alimento, pudiéndose
administrar indistintamente con/sin alimentos; el 21% se
deben administrar con alimentos y sélo el 16 % presentan
interaccion farmaco alimento, por lo que se deben admi-
nistrar sin alimentos.

Discusion: Actualmente, la importancia clinica de las
interacciones farmaco alimento con antineoplasicos ora-
les se identifica mas directamente con la seguridad del
paciente que con la efectividad del tratamiento.

Ante el desarrollo de estos agentes orales, su irrupcion
en la terapia oncoldgica desplazando a la terapia parente-
ral, con costes mensuales de miles de euros, hay necesidad
de realizar estudios farmacocinéticos y farmacodinamicos
bien disenados. Su objetivo debe de ser comparar su bio-
disponibilidad en presencia o ausencia de alimentos con la
respuesta clinica. Mientras tanto, establecer recomenda-
ciones para su administracion en relacion con los alimen-
tos, es inconsistente para algunos de estos farmacos y su
resultado incierto por la falta de estudios fundamentados
en el dictamen de bioequivalencia establecido por la FDA.

(Nutr Hosp. 2009;24:260-272)

Palabras clave: Agentes antineopldsicos. Efecto de los ali-
mentos. Quimioterapia oral. Farmacocinética. Revision siste-
madtica.

Introduccion

La administracién de medicamentos durante las
comidas, media hora antes y hasta una hora después de
las mismas, puede ser causa de elevada variabilidad en
larespuesta clinica por interaccion entre los farmacos y
los alimentos (iFA) o alguno de sus componentes'?.
Este proceso se inicia en alguna de las partes del tracto
gastrointestinal y a veces se enmascara con la enferme-
dad o con otros tipos de interaccion entre los farmacos
que componen el tratamiento farmacoldgico, dificul-
tando su verdadera interrelacién con el riesgo de toxici-
dad o fracaso terapéutico. Por esta razén u otras que no
alcanzamos a identificar, actualmente las iFA se siguen
considerando de escaso interés clinico®*.

La terapia antineopldsica oral (hormonal y citostd-
tica) representa que los casos incidentes aumenten afio
tras afio hasta situarse en no menos del 15% de los
pacientes tratados con esta terapéutica. La comodidad
de estos regimenes para el paciente ambulatorio es una

the second phase, 40 studies remained (5.2 % of the initial
ones) for full-text critical appraisal, to which four studies
were added not indexed in Medline.

From the critical appraisal of the 44 final articles, 25
were excluded (20 original articles, 4 short communica-
tions, and 1 meta-analysis) because they did not include
as an outcome measure the bioequivalence dictamen. The
19 (2.2%) remaining articles provided information on 19
oral anti-tumor drugs in 210 patients and 146 healthy vol-
unteers. Of these 19 drugs, 63% did not present drug-
food interactions, with the possibility of administering
them either with or without food; 21% have to be admin-
istered with foods and only 16 % present drug-food inter-
actions, so they have to be administered without foods.

Discussion: Currently, the clinical importance of drug-
food interactions with oral anti-tumor drugs is identified
more directly with the patient’s safety than with the effi-
cacy of the therapy. Given the development of these oral
agents, their incorporation into the oncologic strategy dis-
placing parenteral therapy, with monthly costs of thou-
sands of Euros, it is necessary to perform well-designed
studies on pharmacokinetics and pharmacodynamics.
Their goal has to be comparing their bioavailability in the
presence or absence of foods with the clinical response. In
the meanwhile, to establish recommendations for their
administration in relation to foods is inconsistent for some
of these drugs and their results is uncertain given the lack
of studies based on the FDA bioequivalence dictamen.

(Nutr Hosp. 2009;24:260-272)

Key words: Anti-tumor agents. Effects of foods. Oral che-
motherapy. Pharmacokinetics. Systematic review.

realidad porque no compromete el resultado clinico,
pero no se debe olvidar que son farmacos de estrecho
margen terapéutico, a menudo administrados en com-
binacién con otros agentes de similares caracteristicas
y sujetos a iFA. Ademas, los regimenes de dosificacion
de estos medicamentos son, en su mayoria, mas com-
plejos que los manejados en la farmacoterapia conven-
cional de modo que en un contexto ambulatorio, la
auto-administracion por el paciente o cuidador, sin una
informacién y monitorizacién predeterminada, puede
traducirse en una falta de adherencia a los mismos.

Los pacientes, en general, no presentan idéntica res-
puesta a un mismo tipo de iFA’ por lo que las modifica-
ciones farmacocinéticas deben analizarse conside-
rando la posibilidad de que algunos alimentos, al
alterar la actividad de enzimas de trasporte o metaboli-
zadores, modifiquen la respuesta antineopldsica a estos
farmacos®. Por tanto, al igual que sucede con las inte-
racciones farmaco-farmaco, la significacién clinica de
las iFA se manifiesta con elevada variabilidad, baja

Interaccién de antineopldsicos
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prevalencia (1% del total) y con gravedad escasa o nula
en el 40% de los casos, moderada en un 50% y grave en
menos del 10% de las iFA’.

Los estudios de biodisponibilidad son parte integrante
en las fases tempranas del desarrollo clinico de medica-
mentos para administracion oral, pero en el caso de los
antineoplasicos orales, las iFA no estan claramente defi-
nidas, clasificadas y caracterizadas®’. Actualmente, se
empieza a reconocer su importancia clinica, plantean-
dose su estudio con la misma metodologia que soporta
los ensayos clinicos'*!" ya que proporciona la mejor evi-
dencia cientifica en fases tempranas'>*. Lamentable-
mente, la informacidon disponible sobre las mas de tres-
cientas iFA o interacciones farmaco-alimento descritas,
no se fundamenta sobre este grado de evidencia'*'c.

En este trabajo se plantea una revision sistemadtica
sobre las iFA con medicamentos antineopldsicos orales
a la vez que identifica el grado de evidencia cientifica
disponible; su objetivo es alcanzar a poder recomendar
la administracién oral de estos medicamentos con ali-
mentos, sin alimentos o indistintamente, desde la infor-
macion publicada y revisada.

Métodos
Tipo de estudio

Revision sistematica de la evidencia cientifica dis-
ponible, desde enero de 1966 a marzo de 2008, relacio-
nada con las iFA con antineopldsicos orales comercia-
lizados o en fase de investigacion.

Bases de datos y biisqueda bibliogrdfica

Se realiz6 la biisqueda bibliografica a partir de la
pregunta “iFA con los antineopldsicos orales comer-
cializados” en las bases de datos Medline y The Coch-
rane Library. Como palabras clave se utilizaron: “anti-
neoplastic agents, food effect, oral chemotherapy,
food-drug interaction, pharmacokinetics”.

Antes de aplicar los criterios de seleccion de articu-
los se establecieron dos fases. La primera fase tuvo
como objetivo seleccionar sélo los articulos que, por
titulo y contenido del resumen, se correspondian con la
pregunta de investigacion. En la segunda fase, se elimi-
naron las referencias duplicadas al reunir las referen-
cias de las dos fuentes manejadas.

Criterios de seleccion de los articulos
Inclusion:
1. Tipo de estudios:
a) Revisiones sistematicas.

b) Metaanalisis.
¢) Ensayos clinicos randomizados (Fase Iy II).

2. Poblacién de pacientes:
a) Pacientes adultos (> 19 afios de edad).
3. Intervenciones a comparar:
a) Administracion de antineopldsicos orales bajo
condiciones de ayuno o con alimentos.
4. Medida de resultado:
a) Calculo del IC90% de la razén entre la media
geométrica de valores de ABC y Cmax con
alimentos y en condiciones de ayuno.

Exclusion:

1. Publicaciones que como medida de resultado no
hacian referencia al dictamen de bioequivalencia esta-
blecido por la FDA'; esto es, los limites (superior e
inferior) del intervalo de confianza de la razon entre la
media geométrica de valores de ABC o Cméx, con ali-
mentos y en condiciones de ayuno, han de estar com-
prendidos entre 0,8-1,25, para valores logotransforma-
dos (escala semilogaritmica) porque no es posible
establecer la presencia de iFA, ni su relevancia clinica
o bioinequivalencia.

ABC_

0,8> ————>1,25
ABC

ayuno

Evaluacion critica de los estudios seleccionados

Se ha realizado la valoracion critica de los articulos
seleccionados segin las recomendaciones que, de
acuerdo con la FDA", deben cumplir estos estudios
(Anexo 1).

Resultados

La busqueda bibliogréfica proporcioné 850 referen-
cias (98,5% (838) Medline +y 1,4% (12) Cochrane).
En la primera fase de revision se excluyeron el 87,7%
(746) de los articulos, correspondiendo el 100% a la
busqueda procedente de Medline. Durante la segunda
fase fueron eliminadas las referencias duplicadas en
ambas bases de datos. El resultado final de la busqueda
bibliogréfica (tabla I) fue de s6lo 40 articulos (5,2% de
los iniciales) que se sometieron a lectura critica a texto
completo. A este proceso se aiadieron 4 articulos mas
no indexados en Medline.

La lectura completa de los 44 trabajos seleccionados
permitié identificar 25 referencias (20 articulos origi-
nales, 4 comunicaciones cortas y 1 metandlisis), que
como medida del resultado en la poblacién de estudio
no consideraban el dictamen de bioequivalencia por lo
que finalmente fueron excluidos. En la tabla II se reco-
gen algunas de las caracteristicas mas destacables de
los 19 articulos restantes (2,2% del total de la busqueda
inicial) que cumplen los criterios de inclusion predeter-
minados en este trabajo de revision.
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Tabla I
Biisqueda bibliogrdfica inicial en Medline y Cochrane (marzo 2008)

Niimero de referencias identificadas

Palabras clave Medline Cochrane Library
Biisqueda inicial ~ 1.° fase 2.4 fase Biisqueda inicial 1.4 fase 2.4 fase

Antineoplastic agents and food effect 533 35 35 3 3 0

Antineoplastic agents and food effect

and pharmacokinetics 112 28 0 3 3 0

Oral chemotherapy and food effect

and pharmacokinetics 154 17 2 0 0 0

Antineoplastic agents and food-drug

interaction 39 12 3 6 6

Total 838 92 40 12 12 0

Limites de bisqueda en Medline: Humanos, adultos > 19 afios. Desde 1966 hasta marzo de 2008.
1% fase: se excluyen aquellos articulos que por titulo y resumen no se corresponden con la pregunta de investigacion.
2% fase: se excluyen referencias duplicadas dentro de cada bisqueda y entre ellas. Al final de la segunda fase quedan 40 referencias para lectura a

texto completo.

En los 19 trabajos seleccionados se han totalizado 19
farmacos antineoplasicos orales diferentes que han
sido ensayados en una poblacion de 250 pacientes con
cancer y 146 voluntarios sanos. En la tabla III se reco-
gen los valores medios y desviacion estandar para el
ABCy, en la tabla IV se incluyen estos mismos datos
parala Cmax. En ambos casos se ha considerado la pre-
sencia o ausencia de alimentos. Se incluye el dictamen
de bioequivalencia para los 19 antineopldsicos orales
estudiados. De los 25 articulos excluidos es relevante
destacar que un 63,6% de las publicaciones (n = 14)
cuantifican la presencia de iFA mediante el calculo del
porcentaje de cambio en los valores de referencia para
ABC, Cmax y Tmax.

El resultado de 1a iFA de los antineoplasicos orales
estudiados, en relacién con el tipo de alimento y el
cambio identificado respecto a los valores de referen-
cia para ABC, Cmax y Tmax, expresado en porcentaje,
se describe en la tabla V. Asimismo, se indican las
recomendaciones expresadas para los diferentes anti-
neopldsicos en los articulos seleccionados. Se eviden-
cia que el 63% de estos farmacos estarfan en “condicio-
nes ideales” para su administracién oral con o sin
alimentos, indistintamente, porque no se modifican de
manera significativa los valores medios de ABC y
Cmax en ambas condiciones. El resto de los farmacos
deben administrarse siguiendo una norma respecto a la
ingesta de alimentos y asi, hasta un 21% de estos fér-
macos se recomienda su administracién con alimentos
y un 16% sin alimentos.

Durante el proceso de lectura critica se identificaron
publicaciones que a pesar de establecer la influencia
sobre los valores ABC y Cmax, en las condiciones de
estudio con alimentos y sin alimentos, no habia posibi-
lidad de dictamen de bioequivalencia porque no dispo-
nian del IC 90% de la razén de los valores ABC y
Cmax en las condiciones estudiadas. La informacién

extraida respecto al tipo de alimento, contenido graso
de los mismos y el porcentaje de cambio en los valores
de referencia para ABC, Cmax y Tmax se describen en
latabla VI.

De los 19 farmacos antineopldsicos orales estudia-
dos con el objetivo de establecer la presencia o ausen-
ciade iFA, tinicamente para el 42% se puede demostrar
la condicién de bioequivalencia; es decir, se cumple el
criterio de que ambos limites (superior e inferior) del
IC 90% del ABCestén incluidos en el &mbito de valo-
res 0,8 y 1,25. Para los 11 antineoplésicos restantes
(58%) los estudios de iFA evidencian condicion de
bioinequivalencia; es decir, uno o los dos limites del IC
90% se sitia por encima o por debajo del &mbito de
valores aceptado para los IC90% de la razén de los
pardmetros medios de ABC (fig. 1) y Cmax (fig. 2)
obtenidos en la situacién “con o sin alimentos”, para
estos farmacos. Estas variaciones en el ABC o Cmax
no parecen ser clinicamente determinantes ya que en la
préctica asistencial no se utiliza el criterio de bioequi-
valencia para las iFA; tampoco parece existir evidencia
para establecer el grado de correlacion entre este dicta-
men y su respuesta en el paciente®.

Discusion

En los tltimos afios se ha incrementado el entu-
siasmo por el desarrollo de los agentes antineoplasicos
via oral, de nueva sintesis o a partir de farmacos paren-
terales ya comercializados'®!” dadas las implicaciones
tanto clinicas como econdmicas de esta via oral versus
la via parenteral. Pero el desarrollo de farmacos via
oral requiere un mayor conocimiento de los multiples
factores que pueden afectar a su biodisponibilidad: los
alimentos, la dosis y cualquier otra medicacién oral
administrada concomitantemente.

Interaccién de antineopldsicos
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Tabla IT

Descripcion de los estudios seleccionados, disefio, medicamento y poblacion incluida

Autores,
afo de publicacion

Diseiio de
los Ensayos Clinicos

Antineopldsico oral

y tipo administracion

Tipo de poblacion
y niimero (PK/total)

Cockshotty cols., 1996"
Sioufiy cols., 1996*
Teoy cols., 2000
Valley cols., 2005"
Swaisland y cols., 2005%
Belloy cols., 2006®

Zhuy cols., 2007*

Lingy cols., 2008*
Reignery cols., 1998
Revénycols., 1999*
Eskens y cols., 2000
Damle y cols., 2001*
Bugat y cols., 2002"
Shepard y cols., 2002*
Godefridus y cols., 2004*
Lorusso y cols., 2005¥
Soepenberg y cols., 2005*
Kuppens y cols., 2007%

Reddy y cols., 2007%

Randomizado, cruzado (PL: 9 sem)
Cruzado (PL: 4 sem)
Randomizado, cruzado y abierto (PL: 1 sem)
Randomizado, cruzado y abierto (PL: 4-5 sem)
Randomizado, cruzado (PL: 3 sem)

Randomizado, cruzado y abierto. Fase L.
(PL: 4 sem)

Randomizado, cruzado. Fase I (PL: 2 sem)

Randomizado, cruzado, abierto (PL: 1 sem)

Randomizado, cruzado y abierto (PL: 1 sem)

Randomizado, cruzado y abierto (PL: 1 dfa)
Fase L.

Randomizado, cruzado (PL: 3 dias)
Randomizado, cruzado y abierto. Fase .
(PL: 1 sem)

Randomizado, cruzado y abierto (PL: 7 dfas)
Randomizado, cruzado

(PL: 1 sem)
Randomizado, cruzado y abierto. Fase L.

(PL: 1 sem)
Randomizado, cruzado. Fase I (PL: 21 dias)

Randomizado, cruzado. Fase I (PL: 4 dias)

Randomizado, cruzado y abierto. Fase I

Bicalutamida (DU)

Adultos sanos, N=15/15

Letrozol (DU) Adultos sanos, N=12/12
Talidomida (DU) Adultos sanos, N =13/13
Exemestano (DU) Adultos sanos, N=12/12

Gefitinib (DU) Adultos sanos, N =26/96

Sunitinib (DU) Adultos sanos, N=16/16
Lonafarnib (DU) Adultos sanos, N = 12/12
Lonafarnib (DM) Adultos con tumores

solidos o0 hematoldgicos,
N=19/19
Erlotinib (DU) Adultos sanos, N = 18/21
Erlotinib (DM) Adultos sanos, N =22/36
Capecitabina (DM) Adultos con cancer
colorrectal, N=11/11
Topotecan (DU) Adultos con tumores
s6lidos, N =18/18
MMI1270B (DU) Adultos con tumores
solidos, N=17/17
UFT (DU) Adultos con tumores
solidos, N =25/25
Vinorelbina (DU) Adultos con tumores
solidos o linfomas, N = 12/12
S-fluorouracilo (DU) Adultos con tumores
solidos, N=12/12
S-1(DU) Adultos con tumores

CI-1040 (DU)

solidos, N = 18/18

Adultos con tumores sélidos

o linfomas, N =29/77

Irinotecan (DM) Adultos con tumores
SN38 solidos, N = 16/25

Indibulina (DU) Adultos con tumores
solidos, N=6/14

Lapatinib (DU) Adultos con tumores

s6lidos, N =27/27

PL: periodo de lavado; DU: Dosis tinica; DM: Dosis miltiple.
Poblacién PK/total: poblacién de pacientes con datos farmacocinéticos referentes a ABC y Cmax frente a pacientes totales incluidos en el estudio.
MMI270B: inhibidor de las metaloproteinasas de la matriz extracelular (MMPs), enzimas responsables de la degradacién de la matriz extracelular
que constituye el tejido conectivo.
UFT: farmaco compuesto por Tegafur (profdrmaco de 5-fluorouracilo) y uracilo (inhibidor competitivo y reversible de la enzima dihidropirimi-
dina deshidrogenasa o DPD, responsable del catabolismo de 5-FU) en proporcién molar 1:4.
S-1: formulacién oral de Tegafur (profarmaco de 5-fluorouracilo), 5-cloro-2,4-dihidroxipiridina (inhibidor de la dihidropirimidina deshidroge-
nada o DPD) y dcido oxénico (inhibidor de la fosforibosilacion de 5-fluorouracilo en la mucosa intestinal) en proporcién molar 1:0,4:1.

CI-1040: inhibidor selectivo de 2 kinasas especificas de la cascada de 1a Ras-mitogen-activated protein kinase (MAPK); MEK 1y 2.

El conocimiento de la biodisponibilidad de antineo-
plasicos orales proporciona ventajas como la reciente-
mente propuesta por Mark y cols.?, de reducir cinco
veces la dosis estdndar de lapatinib cuando se adminis-
tra con alimentos; esta condicién no sélo disminuye el
coste del tratamiento en un 80% sino la frecuencia y/o
severidad de la diarrea dosis-dependiente secundaria a
su administraciéon. En consecuencia, es 16gico que la

deteccion e identificacion de pacientes con oportunida-
des de mejora relacionadas con las iFA, sea uno de los
estandares establecidos por la Joint Comision on
Accreditation of Healthcare Organizations (JCAHO)*
alavez que se reconoce la gran dificultad de su cumpli-
miento. A esta situacién, contribuye, negativamente, el
reciente informe de la American Society for Parenteral
and Enteral Nutrition (ASPEN)* y la Guia Clinica
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Tabla III
Dictamen de bioequivalencia (BE) de la administracion de antineopldsicos orales, en presencia y ausencia de alimentos.
Valores medios del drea bajo la curva (ABC) y desviacion estandar (DE) calculados

) ) ABC (Media y DE) Medidas de resultado
Antineopldsico oral BE (0,8-125)
Con alimentos Sin alimentos ABC (IC 90%)
R-Bicalutamida 157 SD 153 SD 0,97 (0,89-1,07) Si
S-Bicalutamida 2,1 SD 2,18 SD 1,03 (0,79-1,36) No
CI-1040 2.520 SD 624 SD 4,65 (2,79-7,74) No
Capecitabina 5,96 SD 8,65 SD 1,51 (1,28-1,79) No
5’-DFCR 9,42 SD 11,9 SD 1,26 (1,02-1,54) No
5’-DFUR 14,4 SD 16,5 SD 1,15(0,99-1,33) No
5-FU 0,69 SD 0,83 SD 1,13 (0,93-1,36) No
FUH, 4,11 SD 4,57 SD 1,07 (0,86-1,33) No
FBAL 31,4 SD 32,4 SD 1,05 (0,94-1,15) No
Erlotinib_DU 20.775 1.946 10.533 3.776 2,09 (1,65-2,64) No
DM 18.823 9.298 13.739 5.436 1,34 (0,87-2,7) No
Exemestano 41,3 34 29,7 2,2 1,39 (1,21-1,60) No
5-fluorouracilo 7.061 2.226 7.740 2.162 0,97 (0,86-1,06) Si
Gefitinib 3.118 SD 2.281 SD 1,36 (1,24-1,51) No
Indibulina 337 88,8 291 128 1,24 (0,96-1,61) No
Irinotecan SD SD SD SD 1,13 (0,86-1,48) No
SN38 SD SD SD SD 1,17 (0,88-1,55) No
Lapatinib* 60,9 SD 14,5 SD 4,25 (3,60-5,02) No
38,6 SD 14,5 SD 2,67 (2,26-3,16) No
Letrozol 5.739 2.240 5.920 2.470 0,98 (0,92-1,05) Si
Lonafarnib_DU 1,55 60 2,07 61 0,77 (0,59-1,01) No
DM 21,5 67 24,1 85 0,96 (0,82-1,11) Si
MMI270B 6.787 340,6 7.711 3.592 0,90 (0,81-0,98) Si
S-1
Tegafur 5.524 SD 5.700 SD 1,00 (0,98-1,01) Si
Uracilo 4.171 SD 3.697 SD 0,99 (0,98-0,99) Si
5-Fluorouracilo 365 SD 441 SD 0,97 (0,95-0,98) Si
CDHP 644 SD 738 SD 0,98 (0,96-0,99) Si
Acido Oxonico 107 SD 247 SD 0,83 (0,79-0,88) No
Sunitinib 1.765 SD 1.489 SD 1,12 (1,08-1,16) Si
SU12662 575 SD 606 SD 0,92 (0,89-0,96) Si
Talidomida 235 3,7 24,7 5,1 0,95 (0,89-1,02) Si
Topotecan 73,7 28,6 68,4 29,8 0,93 (0,83-1,03) Si
UFT
Tegafur 53.637 18.229 57.622 20.092 0,98 (0,91-1,05) Si
Uracilo 82 79 126 96 0,38 (0,25-0,60) No
5-Fluorouracilo 82 79 126 96 0,67 (0,51-0,90) No
Vinorelbina 373,3 125,8 4442 183,5 0,84 (0,69-1,14) No

ABC: drea bajo la curva de concentracién plasmdtica-tiempo (ng x h/ml); SD: sin datos; ABC : razén del ABC con alimentos y en ayunas.

*Valores de ABC para alimentos con alto y bajo contenido graso.

CI-1040: inhibidor selectivo de 2 kinasas especificas de la cascada de la Ras-mitogen-activated protein kinase (MAPK); MEK 1y 2.

Metabolitos de capecitabina: 5’-DFCR (5°desoxi-5-fluorocitidina), 5-DFUR (5’ desoxi-5-fluorouridina), 5-FU (5-fluorouracilo), FUH, (dihidro-5-fluorouracilo), FBAL (0-fluoro-B-
alanina).

SN-38: metabolito activo de Irinotecan.

MMI270B: inhibidor de las metaloproteinasas de la matriz extracelular (MMPs), enzimas responsables de la degradacion de la matriz extracelular que constituye el tejido conectivo.
S-1: formulacién oral de Tegafur (profirmaco de 5-fluorouracilo), 5-cloro-2,4-dihidroxipiridina (CDHP: inhibidor de la dihidropirimidina deshidrogenada o DPD) y dcido oxénico
(inhibidor de la fosforibosilacion de 5-fluorouracilo en la mucosa intestinal) en proporcién molar 1:0,4:1.

SU12662: metabolito activo de Sunitinib.

UFT: farmaco compuesto por Tegafur (profdrmaco de 5-fluorouracilo) y uracilo (inhibidor competitivo y reversible de la enzima dihidropirimidina deshidrogenasa o DPD, responsa-
ble del catabolismo de 5-FU) en proporcion molar 1:4.
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Tabla IV
Valores medios y desviacion estandar (DE) de la concentracion mdaxima (Cmax) en presencia y ausencia de alimentos,
con dictamen de bioequivalencia (BE)

) ) Cmax (Media y DE) Medidas de resultado
Antineopldsico oral BE (0,8-125)
Con alimentos Sin alimentos ABC (IC 90%)
CI-1040 307 SD 66,8 SD 4,56 (2,67-7,79) No
Capecitabina 2,68 SD 6,63 SD 2,47 (1,61-3,78) No
5’-DFCR 3,71 SD 6,68 SD 1,81(1,34-2,43) No
5’-DFUR 6,28 SD 9,47 SD 1,53 (1,05-2,22) No
5-FU 0,31 SD 0,46 SD 1,58 (1,06-2,37) No
FUH, 1,12 SD 1,38 SD 1,26 (1,02-1,55) No
FBAL 5,67 SD 6,19 SD 1,11 (1,01-1,22) Si
Erlotinib_DU 1.339 244 852 320 1,64 (1,3-2,06) No
DM 1.426 482 1.069 331 1,33 (0,95-1,85) No
Exemestano 17,7 4,5 11,1 1,3 0,69 (0,49-1,14) No
Gefitinib 137,6 SD 104,4 SD 1,32 (1,16-1,49) No
Indibulina 36,9 5,18 44,7 18 0,89 (0,55-1,44) No
Lapatinib* 2,9 SD 0,94 SD 3,03 (2,53-3,63) No
2,38 SD 0,94 SD 2,42 (2,02-2,90) No
Letrozol 98,7 18,6 129 20,3 0,76 (0,70-0,83) No
Lonafarnib_DU 154 50 323 55 0,48 (0,37-0,61) No
DM 2,27 57 2,76 76 0,87 (0,75-1,02) Si
MMI270B 4.406 2.264 7.432 5.158 0,55 (0,45-0,77) No
S-1
Tegafur 7,97 SD 13 SD 0,83 (0,77-0,89) Si
Uracilo 5,56 SD 4,99 SD 0,94 (0,92-0,96) Si
5-Fluorouracilo 1,46 SD 1,6 SD 0,98 (0,95-1,00) Si
CDHP 2,48 SD 3,27 SD 0,95 (0,92-0,98) Si
Acido Oxonico 0,35 SD 0,85 SD 0,86 (0,83-0,90) No
Sunitinib 27,6 SD 25,1 SD 1,04 (0,97-1,11) Si
SU12662 3,53 SD 4,46 SD 0,77 (0,69-0,86) No
Talidomida 2,17 0,51 1,99 0,41 1,08 (0,96-1,22) Si
Topotecan 10,6 4.4 9,2 4,1 0,87 (0,74-1,01) No
UFT
Tegafur 4.391 960 6.623 1.598 0,66 (0,61-0,73) No
Uracilo 682 757 2.823 2.647 0,28 (0,16-0,49) No
5-Fluorouracilo 34 42 115 116 0,34 (0,21-0,55) No
Vinorelbina 83,8 64,8 88,4 52,4 0,94 (0,67-1,28) No

Cmax: concentracion plasmética mdxima alcanzada (ng/ml); SD: sin datos; Cmax : razén de la Cmax con alimentos y en ayunas.

*Valores de Cmax para alimentos con alto y bajo contenido graso.

CI-1040: inhibidor selectivo de 2 kinasas especificas de la cascada de la Ras-mitogen-activated protein kinase (MAPK); MEK 1y 2.

Metabolitos de capecitabina: 5’-DFCR (5’ desoxi-5-fluorocitidina), 5’-DFUR (5 desoxi-5-fluorouridina), 5-FU (5-fluorouracilo), FUH, (dihidro-5-fluorouracilo), FBAL (o-fluoro--
alanina).

MMI270B: inhibidor de las metaloproteinasas de la matriz extracelular (MMPs), enzimas responsables de la degradacion de la matriz extracelular que constituye el tejido conectivo.
S-1: formulacién oral de Tegafur (profdrmaco de 5-fluorouracilo), 5-cloro-2,4-dihidroxipiridina (inhibidor de la dihidropirimidina deshidrogenada o DPD) y dcido oxénico (inhibidor
de la fosforibosilacion de 5-fluorouracilo en la mucosa intestinal) en proporcion molar 1:0,4:1.

SU12662: metabolito activo de Sunitinib.

UFT: farmaco compuesto por Tegafur (FT) y uracilo (1:4). FT es un profirmaco de 5-fluorouracilo (5-FU) y uracilo, un inhibidor competitivo y reversible de la enzima Dihidropirimi-
dina deshidrogenasa (DPD), responsable del catabolismo de 5-FU.

Canadiense® sobre practicas de seguridad en nutricién potencial mejora asistencial de los pacientes en trata-
parenteral y enteral ya que no considera las iFA. Se estd miento con antineopldsicos orales.

ante un estado de ignorancia respecto a la importancia En estas poblaciones de pacientes, cambios en el
clinica de las iFA que se traduce en un retraso en la ABC o en las concentraciones plasmdticas en el
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Tabla V
Porcentaje de cambio en los valores de referencia para ABC, Cmax y Tmax para los articulos seleccionados
y recomendaciones para la administracion

Alimento Pardmetros farmacocinéticos Poblacion Recomendacion para
Antineopldsico oral o de estudio su administracion
Contenido graso ABC (%)  Cmax (%)  Tmax (h) (PKltotal)

R-Bicalutamida Alto NA +14 -5 Sanos (15/15) Administrar con/sin alimentos
S-Bicalutamida NA +19 NA
Capecitabina Estandar -50 -250 +1,5 Pacientes (11/11) Administrar con alimentos
5’-DFCR -26 -80 +1,5
5’-DFUR -15 -53 +1,5
5-FU -13 -58 +1,5
FUH, -7 -26 NA
FBAL -5 -11 +1
C-1040 Alto +400 +460 NA Pacientes (29/77) Administrar con alimentos
Erlotinib_DU Alto +97 +57 +1,5 Sanos (18/21) Administrar sin alimentos
DM Alto +37 +33 +1,2 Sanos (22/36)
Exemestano" Alto +39 +59 +1 Sanos (12/12) Administrar con o sin alimentos
5-fluorouracilo Alto 9 25 +1-1,5 Pacientes (12/12) Administrar con/sin alimentos
Gefitinib Alto +37 +32 NA Sanos (26/96) Administrar con o sin alimentos

Alto -14 -34 +1 Sanos (18/57)
Indibulina SD +15 -17 NA Pacientes (6/14) Administrar con alimentos
Irinotecan Alto +13 SD SD Pacientes (16/25) Administrar con/sin alimentos
SN-38 +17
Lapatinib Alto +400 +300 +2 Pacientes (27/27) Administrar sin alimentos

Bajo +270 +250 NA
Letrozol Estandar -9% -23% +1 Sanos (12/12) Administrar con o sin alimentos
Lonafarnib_DU Alto -23 -50 -5 Sanos (12/12) Administrar con o sin alimentos
DM Alto NA NA NA Pacientes (19/19) Administrar con alimentos
MM1270B Ligero -10 -40 NA Pacientes (17/17) Administrar con o sin alimentos
S-1 Alto Pacientes (18/18) Administrar con/sin alimentos
Tegafur NA -60 +1,5
Uracil +12 +11 -1
5-Fluorouracil -20 -10 +1
CDHP -14 -30 +1
Acido Oxonico -230 -240 +0,5
Sunitinib® Alto +18 +10 NA Sanos (16/16) Administrar con o sin alimentos
SU12662 -5 21 2
Talidomida Alto -55 +10 +0,5-1,5 Sanos (13/13) Administrar con o sin alimentos
Topotecan Alto NA NA +1 Pacientes (18/18) Administrar con/sin alimentos
UFT Alto - - - (Pacientes 25/25) Administrar sin alimentos
Tegafur NA -34 +2
Uracilo -37 -76 +1
S-fluorouracilo -37 -16 +1,5
Vinorelbina" Estdndar -16 NA +] Pacientes (12/12) Administrar con/sin alimentos

PK/total: poblacién de pacientes con datos farmacocinéticos referentes a ABC y Cmax frente a pacientes totales incluidos en el estudio.

Contenido graso estdndar: menos del 50% del contenido caldrico total procede de las grasas.

NA: no afecta la biodisponibilidad del farmaco, SD: sin datos, ABC: drea bajo la curva de concentracion plasmatica-tiempo, Cmax: concentracion plasmética maxima alcanzada, Tmax: tiempo
en que se alcanza la concentracion plasmdtica maxima (h). Sin alimentos: [ hantes 02 h después de la ingesta.

Metabolitos de capecitabina: 5"-DFCR (5" desoxi-3-fluorocitidina), 5™-DFUR (5 desoxi-3-fluorouridina), 5-FU (5-fluorouracilo), FUH, (dihidro-5-fluorouracilo), FBAL (o-fluoro-B-alanina).
CI-1040: inhibidor selectivo de 2 kinasas especificas de la cascada de la Ras-mitogen-activated protein kinase (MAPK); MEK 1y2.

SN-38: metabolito activo de Irinotecan

MMI270B: inhibidor de las metaloproteinasas de la matriz extracelular (MMPs), enzimas responsables de la degradacion de la matriz extracelular que constituye el tejido conectivo.

S-1: formulacién oral de Tegafur (profdrmaco de 5-fluorouracilo), 5-cloro-2 4-dihidroxipiridina (inhibidor de la dihidropirimidina deshidrogenada 0 DPD) y dcido oxdnico (inhibidor de la fos-
foribosilacién de 5-fluorouracilo en la mucosa intestinal) en proporcion molar 1:0,4:1.

SU12662: metabolito activo de Sunitinib.

UFT: farmaco compuesto por Tegafur (FT) y uracilo (1:4). FT es un profarmaco de 5-fluorouracilo (5-FU) y uracilo, un inhibidor competitivo y reversible de la enzima Dihidropirimidina deshi-
drogenasa (DPD), responsable del catabolismo de 5-FU.
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Tabla VI
Articulos revisados sin disponibilidad del resultado de bioequivalencia. No disponen del IC 90% de la razon de los valores
ABC y Cmax en las dos condiciones estudiadas (con alimentos y sin alimentos). Los datos que se manejan son el tipo
de alimento y el porcentaje de cambio en los valores de referencia para ABC, Cmax y Tmax

Al H l P ya [ o - 5 ’I' n . Y

Referencia Antineopldsico oral imento ardmetros farmacocinéticos TIIZO de poblacién
Contenido graso ABC (%) Cmax (%) Tmax (h) y niimero (PK]total)
Rugoy cols., 2005* AG-013736 Alto -48 -19 +1 Pacientes (9/36)
Berliny cols., 2002+ Carboxiamidotriazol Alto +29 SD SD Pacientes (17/52)
Albertioni y cols., 1993 CdA (2-cloro-2- Estandar NA -40 +0,8 Pacientes (4/4)
deoxiadenosina)
Ehrsson y cols., 1984 Clorambucilo Estandar NA -60 +1 Pacientes (5/5)
Acido fenilacético NA NA +1,5
Calvoy cols., 2004 CI-1033 Alto NA NA +1,3 Pacientes (6/24)
Gunnarson y cols., 1990 Estramustina Estandar -67 -57 +2 Pacientes (6/6)
Estrona -56 -46 +2
Oscier y cols., 2001 Fludarabina Alto +7 -10 +1 Pacientes(16/22)
Swaisland y cols., 2001 Gefitinib Alto -14 -34 +1 Sanos (18/57)
Peng y cols., 20054 Imatinib Alto -14 -11 +1,5 Pacientes(10/10)
Reece y cols., 1986' Melfalan Estandar -39 SD SD Pacientes (15/15)
Bosanquet y cols., 1984¢ Estandar -220 -300 +1,5 Pacientes (5/5)
Tanakay cols., 2006" Nilotinib Alto +82 SD SD Sanos (92/92)
Zamboni y cols., 2006 9-Nitrocamptotecina Estandar -50 -200 +1,5 Pacientes (16/16)
9-Aminonitrocamptotecina NA -10 -1

Hughes y cols., 1999"™ Nolatrexed Esténdar NA -80 +2,25 Pacientes (16/48)
Hoekstra y cols., 2005" PKI166 Alto NA NA +1 Pacientes (10/54)
Rubiny cols., 2006" Vorinostat Alto +38 NA +2,5 Pacientes (23/23)

Poblacidn PK /total: poblacion de pacientes con datos farmacocinéticos referentes a ABC y Cmax frente a pacientes totales incluidos en el estudio.

Contenido graso estdndar: menos del 50% del contenido caldrico total procede de las grasas.

NA: no afecta la biodisponibilidad del firmaco, SD: sin datos. ABC: drea bajo la curva de concentracion plasmtica-tiempo, Cmax: concentracion plasmética méxima alcanzada.
AG-013736: inhibidor del receptor tirosin kinasa del factor de crecimiento del endotelio vascular, factor de crecimiento derivado de las plaquetas y c-kit en pacientes con tumores

avanzados.
CI-1033: inhibidor irreversible de la enzima Pan-erbB tirosin kinasa.
PKI166: inhibidor del receptor tirosin kinasa del factor de crecimiento epidérmico.

ambito de = 10% pueden llegar a modificar la efecti-
vidad y seguridad del tratamiento. Sin embargo,
como manifiestan algunos autores recogidos en esta
revision®*?, incrementos sustanciales en el ABC al
administrar estos farmacos con alimentos, pueden no
traducirse en modificaciones en la respuesta clinica.
Asi, para Exemestano, a pesar de observar incremen-
tos del 39% en el ABC en presencia de alimentos, se
garantiza el C_ o concentracién inhibitoria estrogé-
nicay por tanto la respuesta en el paciente. Lo mismo
ocurre con Nilotinib, que a pesar de su absorcién
saturable y por tanto variable, las dosis establecidas
garantizan concentraciones plasmaticas superiores al

C.,, necesarias para inhibir la fosforilacion celular de
BCR-ABL.

A pesar de las observaciones establecidas para Exe-
mestano y Nilotinib, seria necesario estudiar la rela-
cién concentracioén-eficacia/seguridad para evaluar el
alcance clinico de los resultados farmacocinéticos
obtenidos, tal y como se apunta en el estudio de Cape-
citabina’' De hecho, otros autores demuestran que
reducciones en los valores de los parametros farmaco-
cinéticos bdsicos, en presencia de alimentos, pueden
llegar a disminuir la efectividad del tratamiento; esto
sucede para el UFT (tegafur/uracil/fluorouracil) con
Leucovorin cuya administracion con alimentos reduce
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un 37% la exposicion sistémica a 5-Fluorouracil, dis-
minuyendo su actividad antitumoral®.

Las situaciones descritas demuestran que establecer
un procedimiento normalizado para abordar las iFA no
es tarea facil porque los cambios en los pardmetros far-
macocinéticos basicos por iFA, no parecen relacio-
narse de forma universal con cambios idénticos en la
respuesta clinica en los pacientes. La gran variabilidad
interindividual del ABC, de hasta el 200% en el caso de
gefitinib, exige evaluar cada paciente y considerar la
influencia de la iFA en el dambito terapéutico del far-
maco implicado y la magnitud de la respuesta en térmi-
nos de potencialidad de fracaso terapéutico en el
mismo. Pero esta respuesta, medida a través del perfil
de efectos adversos observados® no presenta el mismo

significado clinico real que en términos de superviven-
cia en el paciente y por ello, para algunos antineoplasi-
cos orales se concluyen diferentes recomendaciones
respecto a su ingesta o no con alimentos, a pesar de que
las iFA hayan provocado cambios en el ABC del
mismo orden de magnitud’*; es decir, se emiten reco-
mendaciones que anteponen el criterio de tolerancia al
criterio de bioequivalencia. Es el caso de vinorelbina',
que a pesar de la reduccion significativa de su biodis-
ponibilidad (18%) en presencia de alimentos de alto
contenido graso, al disminuirse la probabilidad de
vomitos, prevalece este criterio frente a la reduccién
potencial de su respuesta. Algo similar ocurre con
Lonafarnib* en régimen de dosis miltiples, que pese a
la situacién de bioequivalencia en presencia y ausencia
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Diagrama 1 —Diagrama de un estu-
dio de bioequivalencia de los farma-
cos con alimentos.

de alimentos, muestra una mayor incidencia de diarrea
y desérdenes metabdlicos en condiciones de ayuno
(47% vs 22%).

La biodisponibilidad de los distintos componentes
antineopldsicos formulados en una misma forma de
dosificacion, es afectada de manera diferente por la
presencia o ausencia de alimentos. En este sentido,
Godofridus y col*, estudian el efecto de S-1, una for-
mulacién oral de tegafur (profirmaco de 5-fluorou-
racilo), 5-cloro-2,4-dihidroxipiridina (CDHP, inhi-
bidor de la dihidropirimidin deshidrogenada) y
acido oxonico (inhibidor de la fosforibosilacion de
5-Fluorouracilo que se acumula en la mucosa gas-
trointestinal, previniendo la formacién de metaboli-
tos toxicos del mismo) en proporcion molar 1:0,4:1.
Los autores demuestran que la ingesta del farmaco
junto con alimentos afecta inicamente a la farmaco-
cinética del 4cido oxdnico, pero no a la de tegafur,
CDHP y 5-fluorouracilo. En este caso se antepone el
criterio de bioequivalencia obtenido al recomendar
la administracién de esta formulacién con alimentos
y animando al futuro desarrollo de estudios encami-
nados a reducir la toxicidad gastrointestinal de estos
farmacos.

El estado actual de conocimiento clinico de las iFA
sobre los antineopldsicos orales permite destacar que
su importancia clinica se identifica y se orienta hacia
la seguridad del paciente, dejando en un segundo
plano la efectividad del tratamiento en el paciente.
Esta percepcion profesional, ante el 16gico avance de
estos tratamientos orales, sus elevados costes men-
suales de miles de euros y las potenciales consecuen-
cias clinicas de las iFA, exigen el planteamiento de
estudios farmacocinéticos bien disefiados que compa-
ren su biodisponibilidad en ayunas o en presencia de
alimentos. Mientras tanto, indicar a los pacientes si
deben tomar el medicamento con alimentos, sin ali-
mentos o indistintamente es, para algunos de estos
farmacos, inconsistente y de resultado incierto porque
la mayoria de las recomendaciones no estan basadas
en el IC90% de la raz6n de los valores de ABC y/o
Cmax obtenidos con sujetos sanos o pacientes en las
dos condiciones estudiadas (con alimentos y sin ali-
mentos).

Anexo I

Deben realizarse en el hombre para disponer de
valores de referencia en biodisponibilidad, ya que los
datos in vitro (velocidad de disolucién) y los obtenidos
con modelos animales no se correlacionan con sufi-
ciente exactitud.

Deben analizar los efectos de los alimentos sobre la
biodisponibilidad del medicamento y su perfil farma-
cocinético, incluido el correspondiente a metabolitos
(en particular con actividad farmacoldgica) para
demostrar que son bioequivalentes la administracion
con alimentos y en condiciones de ayuno.

Han de correlacionar los efectos de los alimentos
sobre la variabilidad de la biodisponibilidad oral y de
su respuesta farmacocinética y de eficacia y seguridad
parael paciente.

Los estudios han de ser cruzados, en dosis tnica, con
dos periodos y dos tratamientos, en los que el periodo
de lavado no sea inferior a cinco semividas biol6gicas
del medicamento implicado (diagrama 1).

— Los sujetos son voluntarios sanos, en nimero
inferior a 50 y a veces realizados sobre un escaso
tamano muestral.

— Los parametros a cotejar en los sujetos de estudio
y para ambas secuencias del mismo son, al menos,
Cmax, Tmax, ABC_, ABC_,t, 2y Cl/Fy las varia-
bles interindividuales e intraindividuales.

— Finalmente, han de emitir un dictamen de bioequi-
valencia en ambas condiciones de administracion
(ayuno y con alimentos).
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Abstract

Plants contain numerous polyphenols, which have been
shown to reduce inflammation and hereby to increase
resistance to disease. Examples of such polyphenols are
isothiocyanates in cabbage and broccoli, epigallocatechin
in green tee, capsaicin in chili peppers, chalones, rutin and
naringenin in apples, resveratrol in red wine and fresh
peanuts and curcumin/curcuminoids in turmeric. Most
diseases are maintained by a sustained discreet but
obvious increased systemic inflammation. Many studies
suggest that the effect of treatment can be improved by a
combination of restriction in intake of proinflammatory
molecules such as advanced glycation end products
(AGE), advanced lipoperoxidation end products (ALE),
and rich supply of antiinflammatory molecules such as
plant polyphenols. To the polyphenols with a bulk of expe-
rimental documentation belong the curcuminoid family
and especially its main ingredient, curcumin. This review
summarizes the present knowledge about these turmeric-
derived ingredients, which have proven to be strong antio-
xidants and inhibitors of cyclooxigenase-2 (COX-2),
lipoxygenase (LOX) and nuclear factor k B (NF-xB) but
also AGE. A plethora of clinical effects are reported in
various experimental diseases, but clinical studies in
humans are few. It is suggested that supply of polyphenols
and particularly curcuminoids might be value as comple-
ment to pharmaceutical treatment, but also prebiotic tre-
atment, in conditions proven to be rather therapy-resis-
tant such as Crohn’s, long-stayed patients in intensive
care units, but also in conditions such as cancer, liver cirr-
hosis, chronic renal disease, chronic obstructive lung dise-
ase, diabetes and Alzheimer’s disease.
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EFECTOS SALUDABLES DE LA CURCUMA
Y DE LOS CURCUMINOIDES

Resumen

Las plantas contienen un gran niimero de sustancias de
naturaleza polifendlica con capacidad para reducir los
procesos inflamatorios y, por lo tanto, incrementar la
resistencia a determinadas enfermedades. Ejemplos de
algunos polifenoles son los isotiocianatos presentes en la
col y el brocoli, epigalocatequinas del té verde, capsaicina
de las guindillas, chalonas, rutina y naringenina de las
manzanas, resveratrol del vino tinto y de los cacahuetes, y
curcumina y curcuminoides de la ciircuma. La mayoria
de las enfermedades tienen un componente discreto pero
obvio de inflamacion sistémica. Muchos trabajos han
sugerido que los efectos de estos tratamientos podrian ser
mejorados tras la restriccion de la ingesta de moléculas
proinflamatorias, como los productos avanzados de la gli-
cacion (AGE) y lipoperoxidaciéon (ALE), junto con la
suplementacion de moléculas antiinflamatorias, como
algunos polifenoles obtenidos de las plantas. Concreta-
mente, los efectos de los curcuminoides y de su principal
componente, la curcumina, han sido ampliamente docu-
mentados. Esta revision, recopila los datos actuales
acerca de las principales moléculas activas derivadas de
la ciircuma, para las cuales se ha demostrado que poseen
una potente actividad antioxidante, inhiben la ciclooxige-
nasa 1 (COX-1), la lipoperoxidasa (LPO), el factor
nuclear NF-xB (NF-xB), asi como los AGE. La mayoria
de los efectos han sido demostrados mediante estudios
experimentales; sin embargo, los estudios clinicos en
humanos son escasos. Se ha sugerido que la suplementa-
cion con curcuminoides podria ser interesante como un
complemento para los tratamientos farmacologicos, ade-
mas de como tratamiento prebidtico en condiciones en las
que no existe una terapia eficaz, como en el caso de la
enfermedad de Crohn, en pacientes ingresados en Unida-
des de Cuidados Intensivos durante periodos prolonga-
dos, y también en patologias tales como el cancer, la cirro-
sis hepatica, la enfermedad renal cronica, la enfermedad
digestiva obstructiva, la diabetes y la enfermedad de Alz-
heimer. (Full spanish translation in www.nutricionhospi-
talaria.com).

(Nutr Hosp. 2009;24:273-281)

Palabras clave: Diabetes. Alzheimer. Ciircuma. Curcumi-
noides.
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Introduction

Modern medicine has to a large extent failed in its
ambition to control both acute and chronic diseases.
Acute diseases have an unacceptably high morbidity
and co-morbidity. Furthermore, the world suffers an
epidemy of chronic diseases of a dimension never seen
before, and these diseases are now like a prairie fire
also spreading to so called developing countries. Chro-
nic diseases —including diseases such as cardiovascu-
lar and neurodegenerative conditions, diabetes, stroke,
cancers and respiratory diseases— constitute today
46% of the global disease burden and 59% of the global
deaths; each year on earth approximately 35 million
individuals will die in conditions related to chronic
diseases, and the numbers are increasing and have done
so for several years.' Similarly, the morbidity related to
advanced medical and surgical treatments and emer-
gencies, especially infectious complications, is also
fast increasing; sepsis is the most common medical and
surgical complication.

Accumulating evidence supports the association of
chronic diseases (ChDs) to modern life style: stress, lack
of exercise, abuse of tobacco and alcohol, and to the
transition from natural unprocessed foods to processed,
calorie-condensed and heat-treated foods. There is a
strong association between ChD and reduced intake of
plant fibres, plant antioxidants and increased consump-
tion of industrially produced and processed dairy pro-
ducts, refined sugars and starch products. Heating up
milk (pasteurization), and especially production of and
storage of milk powder, produces large amounts of
advanced glycation products (AGEs) and advanced
lipoxidation products (ALEs), known as potent inducers
of inflammation.? This information is especially impor-
tant as many foods such as ice cream, enteral nutrition

solutions and baby formulas are based on milk powder
and its derivatives. Bread, especially from gluten-con-
taining grains, is also rich in molecules with documented
pro-inflammatory effects, and bread crusts often used
experimentally to induce inflammation.*?

Plant consumption-derived protection

Common to those suffering ChD as well as critical ill-
ness (CI) is that they suffer an increased degree of
inflammation, most likely due to their Western lifestyle.
We are increasingly aware that plant-derived substan-
ces, often referred to as chemopreventive agents, have
an important role to play in control of inflammation.
These substances are not only inexpensive, they are also
easy available, and have no or limited toxicity. Among
these numerous chemo-preventive agents are a whole
series of phenolic and other compounds believed to
reduced speed of aging and prevent degenerative mal-
functions of organs. For these reasons, the interest for
the study of these compounds has increased in the last
years. Among them, various curcuminoids found in tur-
meric curry foods and thousands more of hitherto less or
unexplored substances have received an increasing
attention for their strong chemo-preventive ability in
recent few years. Curcumin is the most explored of the
so called curminoids, a family of chemopreventive subs-
tances present in the spice turmeric. Although the subs-
tance has been known for some time, it is in the most
recent years that the interest has exploded, much in para-
llel with increasing concern for severe side-effects of
synthetic cyclooxigenase-2 (COX-2) inhibitors, marke-
ted by pharmaceutical industry. This review reported
mainly curcumin experimental and clinical studies focus
on curcumin and its effects (table I).

Table I
Curcuminoid main effects

Main mechanisms of action

Atherosclerosis
Cancer
Diabetes
Gastric diseases

Hepatic diseases
Pancreatic diseases
Intestinal diseases

Neurodegenerative diseases
Ocular diseases
Respiratory diseases

Tobacco smoke-induced injury

1l LDL oxidation®?'; Cell membrane stabilisation™; Tantioxidantplasma concentrations®

Induces apoptosis***; Inhibits metastasis®

{ glucose, haemoglobin and glycated haemoglobin®; T antioxidant protection®
g g gly 2 p

1 growth of some Helicobacter strains“’;lNF—KB and mitogenic response *; Antifungic properties®
g g P g1C prop

{ lipid accumulation®*; | hepatic risk biomarkers®*; |, NF-kB-dependent gene expression;
| inflammatory molecules expression®*; . oxidation”

| NF-xB activation and activator protein 1 expression; | inflammatory molecules expression”;
| caspase-3 activation”; | intra-pancreatic trypsin activation”

! lipid peroxidation®; L NF-¢B activation™; | nitric oxide levels*; immune function regulation’;
L MAPK p38*; | inflammatory response™®

Free radical scavenger®; | oxidative markers”; | B-amyloid deposits

Antioxidant activity”™

| fibrogenesis®; inflammatory markers®; calcium and chloride pump alteration®*; Anti-asthmatic effect*

| NF-kB activation:{. anti-inflammatory molecules®
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Fig. 1 —Structure of curcumin and its main derivatives.

Turmeric — approved as food additive

Curcumin, 1,7-bis (4-hydroxy-3-methoxyphenol)-
1,6heptadiene-3,5-dione), or dipheruloylquinone (fig. 1),
is the most abundant polyphenol present in the dietary
spice turmeric and received from dried rhizozomes of
the perennial herb Curcuma longa Linn, a member of
the ginger family. Turmeric is mainly known for its
excellent ability to preserve food, and is approved as
food additive in most Western countries. It is produced
in several Asian and South-American countries. Only
in India are about 500,000 metric tonnes produced each
year, of which about half is exported. It has, in addition
to extensive use as food additive, for generations also
been used in traditional medicine for treatment of
various external or internal inflammatory conditions
such as arthritis, colitis and hepatitis.

The molecule of curcumin resembles ubiquinols and
other phenols known to possess strong antioxidant acti-
vities. Its bioavailability on oral supplementation is
low, but can be improved by dissolution in ambivalent
solvents (glycerol, ethanol, DMSO).¢ It is also reported
to be dramatically elevated by co-ingestion of peperine
(a component of pepper), demonstrated both in experi-
mental animals and humans.” Polyphenols, isothiocya-
nates such as curcumin and flavonoids such as resvera-
trol, are all made accessible for absorption into the
intestinal epithelial cells and the rest of the body by
digestion/fermentation in the intestine by microbial
flora.® Several studies has demonstrated that curcumin
is atoxic, also in very high doses.*! It is estimated that
adult Indians consume daily 80-200 mg curcumin per
day." A common therapeutic dose is 400-600 mg cur-
cumin three times daily corresponding to up to 60 g
fresh turmeric root or about 15 g turmeric powder,
since the content of curcumin in turmeric is usually 4-
5%. Finally, it is noteworthy to mention that the treat-

ment of humans during three months with 8,000 mg
curcumin per day showed no side effects.!

Curcumin — an antioxidant and inhibitor of
NF-xB, COX-2, LOX and iNOS and against
stress-induced overinflammation

NF-xB plays a critical role in several signal trans-
duction pathways involved in chronic inflammatory
diseases'? such as asthma and arthritis and various can-
cers.” Activation of NF-xB is linked with apoptotic
cell death; either promoting or inhibiting apoptosis,
depending on cell type and condition. The expression
of several genes such as COX-2, lipoxygenase (LOX),
matrix mettaloproteinase-9 (MMP-9), inducible nitric
oxide synthase (iNOS), tumor necrosis factor alpha
(TNF-o), interleukin-8 (IL-8), eotaxin, cell surface
adhesion molecules and anti-apoptotic proteins are
regulated by NF-xB."* COX-2 is inducible and barely
detectable under normal physiological conditions, but
is rapidly, but transiently, induced as an early response
to proinflammatory mediators and mitogenic stimuli
including cytokines, endotoxins, growth factors, onco-
genes and phorbol esters. COX-2 synthesizes series-2
prostaglandins (PGE,, PGF,-o.), which contribute to
inflammation, swelling and pain. PGE, promotes pro-
duction of IL-10, a potent immuno-suppressive cyto-
kine produced especially by lymphocytes and macrop-
hages, and suppression of IL-12."5 Inducible nitric
oxide synthase (iNOS), activated by NF-xB, is another
enzyme that plays pivotal role in mediating, inflamma-
tion, especially as it acts in synergy COX-2.

Curcumin is not only an inexpensive atoxic and
potent COX-2 and iNOS inhibitor,' it is also a potent
inducer of heat shock proteins (HSPs) and potential
cytoprotector.'”' Curcumin does not only inhibit

Turmeric and curcuminoids
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COX-2, it also inhibits lipooxygenases (LOX) and
leukotreines such as LBT, and 5-hydroxieicosenoic
(5-HETE),"” especially when bound to phosphatidyl-
choline micelles.” It is also reported to inhibit cytoch-
rome P450 isoenzymes and thereby activation of carci-
nogens.?! Curcumin has the ability to intercept and
neutralize potent prooxidants and carcinogens, both
ROS (superoxide, peroxyl, hydroxyl radicals) and
NOS (nitric oxide —NO—, peroxynitrite).”2 It is also a
potent inhibitor of tissue growth factor beta (TGF-3)
and fibrogenesis,” which is one of the reasons, why it
can be expected to have positive effects in diseases
such as kidney fibrosis, lung fibrosis, liver cirrhosis
and Crohn’s Disease and in prevention of formation of
tissue adhesions.* Finally, curcumin is suggested to be
especially effective in Th1-mediated immune diseases
as it effectively inhibits Th1 cytokine profile in CD4* T
cells by interleukin-12 production.”

Many medicinal herbs and pharmaceutical drugs are
therapeutic at one dose and toxic at another, and inte-
ractions between herbs and drugs, even if structurally
un-related, may increase or decrease the pharmacologi-
cal and toxicological effects of either component.>? It
is suggested that curcumin may increase the bioavaila-
bility of vitamins such as vitamin E and also decrease
cholesterol, as curcumin in experimental studies signi-
ficantly raises the concentration of a-tocopherol in
lung tissues and decreases plasma cholesterol.?

Curcumin in acute and chronic diseases

Atherosclerosis: Oxidation of low density lipopro-
teins (LDL) is suggested to play a pivotal role in the
development of arteriosclerosis, and LDL oxidation
products are toxic to various types of cells including
endothelial cells. Curcumin has a strong capacity to
prevent lipid peroxidation, stabilize cellular membra-
nes, inhibit proliferation of vascular smooth muscle
cells, and inhibit platelet aggregation; all important
ingredients in the pathogenesis of arteriosclerosis. Cur-
cumin was found to be the most effective, when the abi-
lity to inhibit the initiation and propagation phases of
LDL oxidation were compared with a defined antioxi-
dant butylated hydroxy anisole (BHA), capsaisin, quer-
cetin.?? Supply of curcumin, but also capsaicin and garlic
(allecin) to rats fed of a cholesterol-enriched diet preven-
ted both increase in membrane cholesterol and increased
fragility of the erythrocytes.* Significant prevention of
early atherosclerotic lesions in thoracic and abdominal
aorta are observed in rabbits fed an atherogenic diet for
thirty days, accompanied by significant increases in
plasma concentrations of coenzyme Q, retinol and o.-
tocopherol and reductions in LDL conjugated dienes
and in thiobarbituric acid-reactive substances (TBARS),
an expression of ongoing oxidation.*

Cancer: Cancer is a group of more than 100 different
diseases, which manifest itself in uncontrolled cellular
reproduction, tissue invasion and distant metastases.®

Behind the development of these diseases are most
often exposure to carcinogens, which produce genetic
damage and irreversible mutations, if not repaired.
During the last fifty years attempts have been made to
find or produce substances that could prevent these
processes, so called chemopreventive agents. Cancers
are generally less frequent in the developing world,
which has been associated both with less exposure to
environmental carcinogens and to a richer supply of
natural chemopreventive agents. The incidence per
100,000 population is in the USA considerably higher
for the following diseases compared to India: prostatic
cancer (23 X), melanoma skin cancer (male 14 X,
female 9 X), colorectal cancer (male 11 X, female 10
X), endometrial cancer (9 X), lung cancer (male 7 X,
female 17 X), bladder cancer (male 7 X, female 8 X)
breast cancer (5 X), renal cancer (male 9 X, female 12
X).* These differences are for some diseases such as
breast cancer and prostatic cancer even greater when
compared to China.

The consumption of saturated fat and sugary foods is
much less in the Asian countries, but equally impor-
tant, the consumption of plants with high content of
chemopreventive substances is significantly higher in
these countries. As an example, the consumption of
curcumin has for centuries been about 100 mg/day in
these Asian countries.* Curcumin induces in vitro
apoptosis of various tumour cell lines: breast cancer
cells,** lung cancer cells,* human melanoma cells,”
human myeloma cells,* human leukemia cell lines,*
human neuroblastoma cells,* oral cancer cells,* pros-
tatic cancer cells.** Curcumin has, in experimental
models also demonstrated ability to inhibit intrahepatic
metastases.* Few in vivo experimental studies and no
clinical controlled trials are this far concluded. Howe-
ver, arecent phase I study reported histologic improve-
ment of precancerous lesions in 1 out of 2 patients with
recently resected bladder cancer, 2 out of 7 patients of
oral leucoplakia, 1 out of 6 patients of intestinal meta-
plasia of the stomach, and 2 out of 6 patients with
Bowen’s disease.” However, the main purpose of the
study was to document that curcumin is not toxic to
humans when taken by mouth for 3 months in a dose of
up to 8 mg/day.

Diabetes: Turmeric (1 g/kg body weight) or curcu-
min (0.08 g/kg body weight) were in a recent study
supplied daily for three weeks to rats with alloxan-
induced diabetes and compared to controls.* Signifi-
cant improvements were observed in blood glucose,
hemoglobin and glycosylated hemoglobin as well than
in plasma and liver TBARS and glutathione. On the
other hand, it was also observed that the activity of sor-
bitol dehydrogenase (SDH), which catalyzes the con-
version of sorbitol to fructose, was significantly lowe-
red by treatment both with turmeric and curcumin.

Gastric diseases: When the in vitro effects against
19 different Helicobacter pylori strains, including five
cagA+ strains (cag A is the strain-specific H pylori
gene linked to premalignant and malignant lesions)
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were studied, both treatments were found to be equally
effective as both treatments did significantly reduce
growth of all the strains studied.” Subsequent studies
did also demonstrate that curcumin inhibits infection
and inflammation of gastric mucosal cells through the
inhibition of activation of NF-xB, degradation of
IkBo, NF-xB DNA binding and the activity of IxB
kinases o and 3. No curcumin-induced effects were
observed on mitogen-activated protein kinases
(MAPK), extracellular signal regulating kinases 1/2
(ERK1/2) and p38. H pylori-induced mitogenic res-
ponse was completely blocked by curcumin.” Signifi-
cant antifungal properties against various fungal, espe-
cially phytopathogenic, organisms by curcumin are
also reported.’!

Hepatic diseases: Dietary supply of curcuminoids is
also reported to increase hepatic acyl-CoA and prevent
high-fat diet-induced accumulation in the liver and adi-
pose tissues in rats.™* Ethanol-induced steatosis is
known to be further aggravated by supply of polyunsa-
turated fatty acids (PUFA)-rich vegetable oils, which
has been thermally oxidized. Rats gavaged for 45 days
with a diet containing 20% ethanol and 15 % sunflower
oil, heated to 180 °C for 30 min, showed extensive his-
topathological changes with focal and feathery degene-
ration, micronecroses and extensive steatosis in the
liver and extensive inflammation vessel congestion
and fatty infiltration in the kidneys, changes, which lar-
gely could be prevented by simultaneous supply of cur-
cumin or particularly photo-irradiated curcumin, e.g.
curcumin kept in bright sunshine for five hours. Both
products were supplied in a dose of 80 mg/kg body
weight. Both products did significantly inhibit eleva-
tions in alkaline phasphatases (ALP) and y-glutamyl
transferase (YGT). Similar beneficial effects were
observed on histology in various tissues and in hepatic
content of cholesterol, triglycerides free fatty acids and
phospholipids.® Rats were, in another study for four
weeks, fed with fish oil and ethanol which resulted in
hepatic lesions consisting in fatty liver, necrosis and
inflammation. Supply of curcumin in a daily dose of 75
mg/kg body weight to these rats prevented the histolo-
gical lesions.** Curcumin was observed to in part to
suppress NF-kB-dependent genes, to block endotoxin-
mediated activation of NF-xB and to suppress the
expression of cytokines, chemokines, COX-2 and
iNOS in Kupffer cells. Similar effects were also obser-
ved in carbon tetrachloride (CCl )-induced injuries.
Pretreatment during four days with curcumin (100
mg/kg body weight) before intraperitoneal injection of
CCl, prevented significantly subsequent increases in
TBARS, alanine aminotransferase (ALT) and aspertate
aminotransferase (AST) and in hydroxyproline (1g/g
liver tissue).” A recent study has shown that curcumin
administration prevent the reduction of cytochrome
enzyme P450 expression induced in inflammatory
situations.*

Pancreatic diseases: The effect of curcumin to
reduce the damage to pancreas was studied in two dif-

ferent models; cerulein-induced and ethanol and cole-
cistokinin (CCK)-induced pancreatitis.” Curcumin
was administered intravenously in parallel with induc-
tion of pancreatitis; a total of 200 mg/kg body weight
was administered during the treatment period of six
hours. Curcumin treatment reduced significantly histo-
logical injuries, the acinar cell vacuolization and neu-
trophil infiltration of the pancreatic tissue, the intra-
pancreatic activation of trypsin, the hyperamylasemia
and hyperlipasemia, and the pancreatic activation of
NF-xB, IxB degradation, activation of activator pro-
tein (AP)-1and various inflammatory molecules such
as IL-6, TNF-o, chemokine KC, iNOS and acidic ribo-
somal phosphoprotein (ARP). Curcumin did in both
models also significantly stimulate pancreatic activa-
tion of caspase-3.7

Intestinal diseases: Pretreatment during 10 days with
curcumin in a daily dose of 50 mg/kg body weight
before induction of trinitrobenzene sulphonic acid
(TNBS) colitis resulted in a significant reduction in
degree of histological tissue injury, neutrophil infiltra-
tion (measured as decrease in myeloperoxidase activity)
and lipid peroxidation (measured as decrease in malon-
dialdehyde activity) in the inflamed colon, as well as in a
decreased serine protease activity.® A significant reduc-
tion in NF-xB activation and reduced levels of NO,
superoxide anion and a regulation of the immune func-
tion were also found. Specifically, a marked suppression
of Th1 functions, through a lower expression of interfe-
ron gamma (IFNy) mRNA and a better Th2 protective
expression improved colonic mucosa induced damage.*®
In another similarly designed study curcumin was added
to the diet during 24 h before and 2 wk after the induction
of TNBS colitis. A significant reduction in COX-2 and
iINOS expression could be attributed to the lower activa-
tion of MAPK p38.% Indeed, curcumin modulates proin-
flammatory cytokines expression, attenuating IL-1§
TNBS-induced damage, and increase IL-10 expres-
sion.® Curcumin was also supplied in combination with
caffeic acid phenethyl ester to animals treated with
cytostatic drugs (arabinose cytosine and methotrexate).
The treatment did not only inhibit the NF-xB induced
mucosal barrier injury but was also shown to increase
the in vitro susceptibility of the non-transformed small
intestinal rat epithelial cell to the cytostatic agents.®!
However, a recent study has shown that the effect of cur-
cumin of TNBS-induced damage on intestinal mucosa
depend on the experimental model. These authors con-
cluded that the therapeutic value of curcumin depends
on the nature of the immune alteration during intestinal
bowel disease.®

Neurodegenerative diseases: A growing body of
evidence implicates free radical toxicity, radical indu-
ced mutations and oxidative enzyme impairment and
mitochondrial dysfunction in neurodegenerative disea-
ses (NDD). Significant oxidative damage is observed
in all NDD, which in the case of Alzheimer disease
(AD) leads to extracellular deposition of B-amyloid
(AP) as senile plaques.
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Nonsteroidal anti-inflammatory drugs (NSAIDs)
like ibuprofen has proven effective to prevent progress
of AD in animal models,” but gastrointestinal and
occasional liver and kidney toxicity induced by inhibi-
tion of COX-1 precludes widespread chronic use of the
drug.* Use of antioxidants such as vitamin E (o.-tocop-
herol) has proven rather unsuccessful even when high
doses were used.® Vitamin E, o-tocopherol, is in con-
trast to y-tocopherol a poor scavenger of NO-based free
radicals. However, Curcumin is a several times more
potent scavenger than vitamin E,*and in addition also a
specific scavenger of NO-based radicals.” When tried
in a transgenic mouse model of AD a modest dose (24
mg/kg body weight), but not a > 30 times higher dose
(750 mg/kg body weight) of curcumin did significantly
reduce oxidative damage and amyloid pathology.®
Similar observations, reductions in both A} deposits
and in memory deficits are also made in Sprague Daw-
ley rats.® The age-adjusted prevalence of both AD™
and Parkinson’s disease’ is in India, with its signifi-
cantly higher intake of turmeric, much lower than in
Western countries, especially the USA. However, the
preventive effects of consumption of turmeric can also
be achieved with other polyphenol-rich fruits and
vegetables if consumed in enough quantities. Bluebe-
rries, strawberries and spinach in doses of 18.6, 14.8
and 9.1 g of dried extract/kg body weight were
demonstrated effective in reversing age-related deficits
in both neuronal and behavioural parameters.” A study
from 1999 is of special interest. Rats on chronic etha-
nol supply were randomized to 80 mg/kg body weight
of curcumin or control and compared to non-intoxica-
ted normal rats.” The degree of histopathological chan-
ges and levels of TBARS, cholesterol, phospholipids,
and free fatty acids in brain tissue were significantly
improved after curcumin treatment.

Ocular diseases: Cataract, an opacity of the eye lens,
is the leading cause of blindness worldwide, responsible
for blindness of almost 20 million in the world.™ Nutri-
tional deficiencies, especially lack of consumption of
enough antioxidants, diabetes, excessive sunlight, smo-
king and other environmental factors are known to incre-
ase the risk of cataracts.” However, the age-adjusted
prevalence of cataract in India is, however, three times
that of the United States,” despite that have three diffe-
rent experimental studies reported significant preventive
effects of curcumin against cataracts induced by napht-
halene,” galactose,” and selenium.”

Respiratory diseases: As mentioned above, curcu-
min is a potent inhibitor of TGF-a and fibrogenesis,*
and suggested to have positive effects in fibrotic disea-
ses in kidneys, liver, intestine (Crohn’s Disease), body
cavities (prevention of fibrous adhesions)' and on con-
ditions with lung fibrosis,* including cystic fibrosis.
The latter is of special interest as it has been especially
linked to glutathione deficiency. The effect of curcu-
min against amiodarone-induced lung fibrosis was
recently studied in rats.* Significant inhibition of lac-
tate dehydrogenase (LDH) activity, infiltration of neu-

trophils, eosinophils and macrophages in lung tissue,
lipopolysaccharide (LPS)-stimulated TNF-o. release,
phorbole myristate acetate (PMA)-stimulated supero-
xide generation, myeloperoxidase (MPO) activity,
TGF-B1 activity, lung hydroxyproline content and
expression of type I collagen and c-Jun protein were
observed when curcumin was supplemented in a dosis
of 200 mg/kg body weight in parallel with intratracheal
instillation of 6.25 mg/kg body weight of amiodarone.*

Curcumin exhibits structural similarities to isoflavo-
noid compounds that seem to bind directly to the CFTR
protein and alter its channel properties.” Egan et al,®
who had previously observed that curcumin inhibits a
calcium pump in endoplasmic reticulum, thought that
reducing the calcium levels might liberate the mutant
Cystic fibrosis transmembrane conductance regulator
(CFTR) and increase its odds of reaching the cell sur-
face- see also.* Previously, Egan et al observed that
curcumin inhibits endoplasmic reticulum calcium
bomb and proposed that calcium reduction may release
amutated CFTR that is able to reach cell surface.® The
AF508 mutation, the most common cause of cystic
fibrosis, will induce a misprocess in the endoplasmatic
reticulum of a mutant CFTR gene. A dramatic increase
in survival rate and in normal cAMP-mediated chloride
transport across nasal and gastrointestinal epithelia
was observed in gene-targeted mice homozygous for
the AF508 when supplemented curcumin.® No human
studies are yet reported and it is too early to know if
this treatment will be able to halt or reverse the
decline in lung function also in patients with cystic
fibrosis. An eventual anti-asthmatic effect of curcumin
was recently tested in guinea-pigs sensitized with oval-
bumin and significant reductions observed both in air-
way constriction and in airway hyperreactivity to hista-
mine.*

Tobaccolcigarette smoke-induced injuries: Ciga-
rette smoke is suggested to cause 20% of all deaths and
~30% of all deaths from cancer. This smoke contains
thousands of compounds of which about hundred are
known carcinogens, co-carcinogens, mutagens and/or
tumor promoters. Each puff of smoke contains over 10
trillion free radicals. Antioxidant levels in blood are
also significantly reduced in smokers. Activation of
NF-kB has been implicated in chemical carcinogenesis
and tumorigenesis through activation of several genes
such as COX-2, iNOS, MMP-9, IL-8, cell surface
adhesion molecules, anti-apoptotic protein and others.
A recent study reports that curcumin abrogates the acti-
vation of NF-xB, which correlates with down-regula-
tion of COX-2, MMP-9 and cyclin D1 in human lung
epithelial cells.*

Plant antioxidants - released by gastrointestinal
microbiota

All chronic diseases are in a way related, they deve-
lop all as a result of a prolonged and exaggerated
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inflammation.* Their development can most likely be
prevented or at least delayed by extensive consumption
of antioxidants such as curcumin. It is important to
remember, that it is almost exclusively through micro-
bial fermentation of the different plants that bioactive
antioxidants are released and absorbed. Clearly flora
and supplied lactic acid bacteria/probiotics play an
important role. It is therefore unfortunate that both size
and diversity of flora is impaired and intake of probio-
tic bacteria significantly reduced among Westerners.
For example, reduction in total numbers and diversity
of flora is also associated with certain chronic diseases
such as inflammatory bowel disease.®” A study from
1983 demonstrated that Lb. plantarum, a strong fibre
fermentor, is found in only 25 % of omnivorous Ameri-
cans and in about 2/3 of vegetarian Americans.* Great
differences in volume and diversity of flora have also
been observed between different human cultures. It is
reported that Scandinavian children have compared to
Parkistani children a much reduced flora.*

Astronauts, who return from space flights have during
the flight lost most of their commensal flora including
lactobacillus species such as Lb. plantarum (lost to
almost 100%), Lb. casei (lost to almost 100%), Lb. fer-
mentum (reduced by 43%), Lb. acidophilus (reduced by
27%), Lb. salivarius (reduced by 22%) and Lb. brevis
(reduced by 12%),” changes most likely attributed to
poor eating (dried food, no fresh fruits and vegetables)
and a much reduced intake of plant fibers and natural
antioxidants, to the mental and physical stress and even-
tually also to the lack of physical exercise. Many indivi-
duals in Western Societies exhibit a type of “astronaut-
like lifestyle” with unsatisfactory consumption of fresh
fruits, vegetables, too much stress and no or little out-
door/sport activities. Furthermore, flora seems not to
tolerate exposure to chemicals including pharmaceuti-
cals. This is also demonstrated in critically ill, who most
often have lost their entire lactobacillus flora.”" A recent
Scandinavian study suggest that fiber-fermenting lacto-
bacilli such as Lb. plantarum, Lb. rhamnosus and Lb.
paracasei ssp paracasei, present in all humans with a
rural lifestyle, are only found 52%, 26% and 17% res-
pectively of persons with a more urban Western type
lifestyle.” These lactobacilli are present in all with more
rural lifestyle. The lack of these lactobacilli is probably
negative as these lactobacilli are unique in their ability to
ferment important fibers such as inulin and phlein, other-
wise resistant to fermentation by most lactobacillus spe-
cies,” and superior to other lactobacillus in their ability
to eliminate pathogenic microorganisms such as Clostri-
dium difficile.** Thus, the lower presence of intestinal
bacteria may influence the production of bioactive antio-
xidants from vegetables.

Conclusive remarks

To use medicinal plants and their active components
is becoming an increasingly attractive approach for the

treatment of various inflammatory disorders among
patients unresponsive or unwilling to take standard
medicines. Food derivates have the advantage of being
relatively non-toxic. Within them, curcuminoids, such
as curcumin, are chemopreventive agents from turme-
ric curry foods. Its bioavailability on oral supplementa-
tion is low but also its toxicity. Several studies has
demonstrated a number of beneficial properties on
inflammatory chronic diseases such as atherosclerosis,
cancer, diabetes, gastric, hepatic, pancreatic, intestinal
neurodegenerative, ocular and respiratory diseases as
well as on tobacco smoke-induced injuries.

Mechanisms of action are related to its antioxidant
activity, able to neutralise oxygen and nitrogen reac-
tive species, antiinflamatory properties, by decreasing
activation of NF-xB and inhibiting COS-2, iNOS,
LOX, LT, cytochrome P450 isoenzymes, TGF-§ and
fibrogenesis, and also to its immunosuppressive capa-
city, able to modulate cytokine and chemokine produc-
tion. On the other hand, curcumin is able to prevent
carcinogen activation.
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Abstract

Background: The intragastric balloon is widely used
for weight reduction in obese patients, but results are
variable. We describe our results enhancing the impor-
tance of a Multidisciplinary Team (MT) taking part in the
treatment.

Methods: A retrospective review was done concerning
a total of 119 balloons , placed in 116 patients, under
endoscopic control and conscious sedation, from May
2001 until August 2006. 49 patients were prepared and
recommended to be followed by a MT in a physical unit,
at least every 15 days during 6 months. 67 were indicated
and followed by other colleagues, without MT. Removal
was performed 6 months later.

Results: Concerning our 49 patients, mean age was 38,
1 years, 31 female and 18 males, with BMI ranged bet-
ween 32 and 63, average of 42. The average decrease of
weight excess was 31, 85% (-4, 45-80, 4%), and the BMI
diminished 5,3 points (from 13,6 to gain of 0,9). The treat-
ment failed in 34,6 % of our patients —including 4
patients lost of follow-up (8, 16 % )—, compared with 53,
8% of patients without structured MT for selection and
follow-up. Physical exercise enhanced markedly the
results with 45, 8% of excess of weight loss in women and
39, 7% in males, compared with 14, 6 and 15, 6% in
patients who didn’t follow the program. The weight loss
was mostly fat mass, 89,9 % in men and 75,6 % in women.-
The results maintenance was obtained in 40 % of patients
one year later. There were no major complications; one
balloon had to be removed at 3 weeks because of intole-
rance, another at 5 months because of gastroesophageal
reflux.

Conclusions: BIB is an effective help to achieve a short
term weight loss in obese patients; nevertheless, good and
long lasting results will depend on the modification of life
style obtained by a multidisciplinary approach.

(Nutr Hosp. 2009;24:282-287)
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BALON INTRAGASTRICO Y EQUIPO
MULTIDISCIPLINAR

Resumen

Antecedentes: el balon intragastrico se usa amplia-
mente para la reduccion de peso de pacientes obesos pero
sus resultados son variables. Describimos nuestros resul-
tados resaltando la importancia de la implicacion del
equipo multidisciplinar (EM) en el tratamiento.

Métodos: Se realiza una revision retrospectiva corres-
pondiente a 119 balones colocados a 116 pacientes bajo
control endoscopico y sedacion consciente desde mayo de
2001 a agosto de 2006. Se preparoé a 49 pacientes a los que
se recomendé seguimiento por un EM en una unidad
fisica, al menos cada 15 dias durante 6 meses. Se indic6 a
67, que fueron seguidos por otros colegas, sin un EM. Se
realiz6 la retirada 6 meses después.

Resultados: Con respecto a nuestros 49 pacientes, la
edad media fue de 38,1 anos, hubo 31 mujeres y 18 hom-
bres, con un IMC en el rango de 32-63, media de 42. El
descenso medio de exceso de peso fue de 31,85% (-4,45-
80,4%), y el IMC disminuy6 en 5,3 puntos (desde 13,6 a
una ganancia de 0,9). El tratamiento fracaso en el 34,6 %
de nuestros pacientes —incluyendo 4 pacientes (8,16 %)
en quienes se perdio el seguimiento— en comparacion
con el 53,8% de pacientes sin un EM estructurado parala
seleccion y el seguimiento. El ejercicio fisico aumento sig-
nificativamente los resultados con un 45,8% de exceso de
pérdida de peso en las mujeres y un 39,7% en los hom-
bres, en comparacion con el 14,6 y 15,6 % en los pacientes
que no siguieron el programa. La pérdida de peso fue
sobre todo de masa grasa, 89,9% en los hombres y 75,6 %
en las mujeres. Los resultados se mantuvieron en el 40 %
de los pacientes un ano después. No hubo complicaciones
importantes; se tuvo que retirar un balén a las 3 semanas
por intolerancia, y otro a los 5 meses por reflujo gastroe-
sofagico.

Conclusiones: El BIG es una ayuda eficaz para conse-
guir una pérdida de peso en el corto plazo en pacientes
obesos; sin embargo, los resultados buenos y duraderos
dependeran de la modificacion del estilo de vida obtenida
mediante un abordaje multidisciplinar.

(Nutr Hosp.2009;24:282-287)

Palabras clave: Balon intragdstrico. Pacientes obesos. Mul-
tidisciplinar.



Introduction

The Bioenterics Intragastric Balloon (BIB) was
introduced almost a decade ago, and tested in a prelimi-
nary study of patients by Dr. Mathus-Vliegen,'
demonstrating its innocuousness and efficiency hel-
ping to achieve an around 10-15% weight loss. Later,
several published series obtained in general good
results, especially at a short delay.>®

Certainly a lot of questions subside, especially con-
cerning patients’ selection, results at long term, and the
influence of specialized teams in the achievement of
good results.

Since 1991, the INH enunciated the procedure to indi-
cate the suitable surgical treatment for the obese
patient.”® It includes the need of a Multidisciplinary
Team (MT). Nevertheless, the Intragastric Balloon
(BIB), a more recent invasive therapeutic modality, suf-
fers still poorly definite protocols, the influence of MT
not being known yet in the results and its maintenance.

We analyze our results with regard to the application
of the BIB in EM’S context.

Patients and methods
Patients

From May 2001 until August 2006, a total of 119
balloons were placed in 116 patients. Of these, 49 were
treated entirely by our team. We placed the other 67 as
well but they were indicated and followed by other
colleagues, in MT’S absence. We proceed to review
retrospectively the data of all these patients, and eva-
luate results of the technique in both groups in term of
weight loss, and the eventual benefit of a MT following
in our own patients.

We indicate the BIB to patients with an obesity of
more than 2 years of evolution in which the non inva-
sive methods have failed, if they promise to submit to
the discipline of our MT, and if they are considered to
be suitable by our psychologist.

There are contraindications like mental problems,
drug or alcohol addiction, non stable cardiovascular
disease, or the presence of previous gastric surgery. An
active ulcerous gastro-duodenal disease is a temporal
contraindication as well as known or detected disorders
of food behavior, except advice of psychologist foreign
to the team (table I).

The lack of availability to the follow-up or the denial
of the patient to accept the practice of the physical exer-
cise as part of the treatment was also at least temporary
contraindications.

Multidisciplinary Team and Follow-up

Our team, whose composition is considered essen-
tial in the treatment of the obese patient, consists of a

Table I
Contraindications to the gastric balloon treatment

a) Psyquiatric disorders

b) Drug addiction, alcoholism.

c) Active gastro duodenal disease.

d) Inflammatory bowel disease, malignancies.
e) Hematologic disorders.

f) Pharmacologic treatments like anticoagulants, antiinfla-
matories, corticoids, AAS.

g) Hearth or renal diseases able to be decompensate by first
days vomiting. In general, medical contraiindicacions to
bariatric surgery.

h) Lack of guaranties to be able to retire de balloon in the
next 48 hours in case of deflation.

i) Extreme ages, being accepted in general 18 and 65 years.

medical coordinating surgeon, endoscopist, a psycho-
logist specialized in cognitive-behavioral skills, a dieti-
tian and a physical trainer specialized in the obese
patient treatment.

The follow-up consists of reviews at least fort-
nightly, of sequential form for all the members of MT
in a physical unit.

Contrary to other tendencies,>***® our dietitian does
not impose predefined diets of 800 or 1,000 calories.
Departing from the culinary preferences and habits of
the patient, the dietician proceeds to their progressive
modification.

The psychologist provides a preliminary study of
personality, test of anxiety, detection of disorders of
food behavior, and cognitive-behavioral support to the
proposed changes of life; the patient continued to be
evaluated and followed every 15 days during 6 months
and more recently, every 3 months for 2 years, allo-
wing application of psychotherapy if needed in some
cases, relaxation techniques in case of stress or anxiety,
and, in any case, promoting the application of life
habits changes.

The physical trainer evaluates the patient at the
beginning and at 6 months: a complete anthropometry
is done with measure of 6 perimeters and 6 folds, as
well as dynamometry and anaerobic limit. The patient
was individually trained during 6 months, twice
weekly and recommendation was done to train at least
40 minutes 6 days per week.

The surgeon is the medical coordinator and takes
care of the clinical aspects of the obese patient, studies
carefully the metabolic syndrome and eventual vitamin
and mineral deficiencies, to optimize patient’s general
health. Body composition was determinate by impe-
dantiometry, and repeated at each patient’s visit.

Every patient was evaluated by the whole team, and
the strategy carefully discussed with the patient who
was prepared and meanwhile informed of all the possi-
bilities of improvement of his obesity, including surgi-
cal techniques.

Intragastric balloon and
multidisciplinary team
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Table IT

49 patients followed with intragastric balloon
Sex Females Males
Number 31 18
Mean age 37.7(20-63) 39.5(24-60)
Initial BMI 41.88(31.8-63) 41.63 (33-62.3)
BMI loss 5.77(-1.1-13.6) 4.43(-0.6-9.4)
% Ew loss 35.2(0-120) 23.4(0-50)
% Ewloss with 39.7% (22 patients)  45.8% (11 patients)
physical exercise

Once the balloon was the elected technique, it was
introduced by the endoscopist, assisted by the medical
coordinator.

Balloon Placement and Removal

BioEnterics’s BIB is a globe of silicone with capa-
city from 400 to 700 cc according to the manufacturer,
whose filling is usually done with 500 cc, to achieve a
partial occupation of the stomach, creating a sensation
of precocious satiety, and decrease of the appetite.
Indeed, its mechanism of action is not well known, but
it seems to work mainly through expansion of the antral
gastric wall," as well as of a marked slowing down of
the gastric digestion. "

To the filling, we add to the saline serum 10 cc of
blue of methylene, in order to detect an eventual escape
through the valve, before its retreat foreseen before 6
months of its application. All the balloons were filled
by 500 cc, except in patients to whom the second or
third balloon was applied, or in a patient’s case with
precedents of bulimia, in which, the globe was filled by
550 cc.

The introduction of the BIB is done by endoscopy,
and under sedation, as well as its retreat, routinely plan-
ned for 6 months. In two patients general anesthesia
was used because of phobia to the introduction of
objects oral route.

We tried to avoid the complications described up to
the date:

1.2 BIB’s migration and bowel occlusion®*® by means
of retreat before 6 months and addition of 10 cc of blue
of methylene to the saline serum. In case of precocious
deflation, the BIB would be withdrawn before 48 h.

2.2 Nauseas and vomits tried to be weakened by
means of systematic administration of ondasetron
during the procedure and 8 mg every 12 hours during
the first 3 days. Liquid diet was delayed up to 24-36 h.

In spite of it, the tolerance was very changeable and
we encourage the patients to overcome these days trus-
ting that these symptoms correspond to the stomach
adjustment to the BIB and they will yield spontane-
ously.

3.2 The initial aggravation of a previous gastroesop-
hagic reflux (RGE) was well controlled increasing
Omeprazol to 40 mg daily.

4.° The episodes of possible food retention and/or
transitory gastroparesis were managed with dietetic
modification.

Data Analysis

We choose to express our result attending to the per-
centage of lost overweight, taking as ideal weight the
correspondent to the Body Mass Index(BMI), preferring
the reference of 25° to the more demanding 22."* The
immediate success was defined as a loss of weight
excess superior to 20%.* We analyze likewise the varia-
tion of corporal composition, attending principally to the
proportion of fat lost with regard to the global weight
decrease, and therefore fat free mass conservation.™

Results

With regard to the 49 own patients, there were 31
women with a mean age of 37,7 years and 18 males
with average of 39,5 years. The BMI ranged between
31,8 and 63 for women and 33 and 62,3 for the men
with average of 41,88 and 41,63 respectively.

There were no such technical complications as vis-
cous injuries or precocious deflation. There was a case
of globe extraction before 3 months because of intole-
rance in a patient under antidepressant treatment. We
observe a case of reflux esophagitis aggravated by the
BIB, as well as gastritis with erosive diffuse injuries® in
a patient with episodes of gastric retention, and there-
fore, globe withdrawal at 5 months.

In 5 patients, it was necessary to postpone the retreat
because gastric solid remains were observed at endos-
copy. Two male patient and three young women insis-
ted on the sensation of ineffectiveness of the balloon.

The nauseas, vomits and transitory constipation in
most patients were considered to be collateral effects of
the treatment, and were controlled partially by pharma-
cological treatment. They were not assessed therefore
as complications.®

Other minor problems like constipation and halitosis
were easily treated by conventional methods.

We do not observe any case of candidiasis on the
BIB at its retreat.

There was a case of late abdominal pain due to
biliary stones, which was controlled and treated surgi-
cally after balloon was retired.

The tolerance to the physical exercise was excellent,
without injuries, and with marked positive effect on
state of mind and motivation, as well as with a degree
of adherence of the 67, 34%, which was especially high
in the 2 ? half of our experience reaching 80%.

The average decrease of the weight excess was 31,
85% with a great variability, from gain of 4, 45% up to
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loss of 80% excess of weight. In the consulted studies,>’
the average decrease of the weight excess ranged from
10t0 48.3%.

In terms of BMI, after de balloon was removed, it
decreased 35, 3 points, varying from a loss of 13, 6 to a
gain of 0, 9. The final average BMI was 36, 4 between
23,4 and 54, 6 (fig. 1).

The loyalty of the patients to the program of physical
exercise produced a marked implementation of the
results: in the women, the percentage of weight excess
loss was 45, 8% in contrast with those who did not
expire with the program, which lost only 14, 6% of
their weight excess. In the males, there was 39, 7% of
loss of weight excess with exercise, opposite to 15,6 %
without it (fig. 2).

Seventeen —34.6%— of our patients lost less than
20 % of their weight excess, which means failure of the
treatment (we include here the patients lost of follow-

up).

Comparing roughly our casuistry with 62 patients
deprived of multidisciplinary follow-up, the index of
failure in these reached 53, 8%.

The successive utilization of 2.2 balloon in 3 patients
did not really improve the results.

We suffered a total loss of follow-up of 8, 16% (4
patients) in our group compared to the published
results of 7.4-33.1%.*° The patients came to remove
their balloon, but refused to be weighted (we assumed
then no weight loss).

The results were kept at least during a year in 40% of
the patients.

We obtained favorable results in relation to the
impedanciometry: a preponderant decrease of fat was
observed with regard to the total lost weight, being
89, 8% in males and 75, 6% in women (fig. 3). This
aspect has not been described in the literature with
regard to the BIB, although it has been done in baria-
tric surgery by authors like Metcalf."* In this respect,

Males 15,6
39,7
i O without
B whit
Females 14,6
PHISICAL
45.8 EXERCISE
T
0 10 20 30 40 30 Fig. 2—Percentage of excess of
weight loss.
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Fig. 3—Percentage of fat mass (FM) and fat free mass (FM) loss.

we consider key the participation of personal trainers
in MT.

Discussion

The BIB has demonstrated to be an effective and
slightly invasive method in the treatment of the obe-
sity. Its principal disadvantage takes root in the even-
tual sharp and short lasting weight loss. This may
create problems like frustration and aggravation of
patient’s psychosocial problems, as well as others like
colelithiasis, nephritic colic, or dehydration with risk
of cardiovascular complications, besides the metabo-
lic consequences still badly known concerning these
changes.

We understand that this technology has to be applied
only in case of previous failure of not invasive methods
to lose weight, and exclusively in the context of a Mul-
tidisciplinary Team capable of modifying, if possible
in the space of 6 months, the patient’s habits of life.

Because of this, the Team must be expert and the
patient disciplined.

In the checked works, stands out the scanty precision
relating to the follow-up of the patients treated by
means of BIB.>**¢7* The multicentre Brazilian series is
the only one that precise the intervention of a personal
trainer in the MT®.

In two of these series, the weight loss average was
less than 20% of the overweight, which suggests fai-
lure of the technique.** It would be important to

analyze the reasons of variability of results of the same
technique used by different groups.

Our own experience shows an implementation of the
results if the technique combined with the monitored
physical exercise: in this case, the loss of overweight
obtained was more than double than in the most seden-
tary patients.

Of equal way, the lack of a multidisciplinary team in
the treatment of the patient, enhance the percentage of
failures to the unacceptable number of 53, 8%.

We rise this way a double problem: the selection of
the patient, with absence of current suitable criteria
(apart the acquaintances BMI, age and eventual con-
traindications); on the other hand, the training of the
professionals who indicate and/or apply the BIB.

This way applied, the technique provokes very
scanty complications: there were neither migrations
nor perforations, nor dehydrations nor fluid imbalances
clinically significant. We attribute a case of balloon
intolerance with retreat at 3 months because a lack of
selection.

Nevertheless, our main problem was the lack of res-
ponse of some patients to the treatment: in 3 cases we
believe that it was due to non diagnosed food behavior
disorder; nevertheless in 2 males, there was a total lack
of perception of the presence of the BIB, and the
weight loss was owed exclusively to the will of the
patient and to the support of MT. We understand that a
great variability exists in the mechanical efficiency of
the BIB depending on the degree of antral distension
generated. We do not know the way of foreseeing this
situation.

On the other hand, the contribution of an intensive
program of physical exercise carried out by personal
specializing trainers, had the double advantage of pro-
moting a weight loss fundamentally based on fat mass,
and further, we know with a C degree of evidence that
it contributes decisively to the supported weight loss. A
40% of maintenance of results a year is similar to the
reported one for HERVE," who insists on the need of
modification of habits by a MT, which begins 8 to 12
weeks before the insertion of the BIB.

Our therapeutic approach is based on the conviction
that the obesity is a chronic disease, which does not have
a known curative treatment, with a persistent tendency
to the weight increase independently of the applied treat-
ment. The treatment is therefore based on the alteration
of habits, with major or minor therapeutic support.

We consider that MT is basic in the treatment of our
patients, whereas the complementary applied treat-
ment, being dietetic - pharmacological, an Intragastric
Balloon or a gastric band, is based on the principle of
the “minimal effective dose”. We apply the less inva-
sive procedure for every patient, trying to avoid side
effects tied to these techniques, and to involve as much
as possible the effort of the own patient in his treat-
ment.'

We have to clarify that the time invested by patient
and Team in this type of treatment is considerable:
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approximately 73 total hours in 6 months of attention
for the Team, to which there would be necessary to add
up the time for the regular practice of physical exercise.
We have to admit that this approach is difficult to apply
nowadays in the Public Health, for what it is probable
that the minimally invasive technologies are less suc-
cessful in this area.

Of equal way, the terrible results described in those
patients deprived of multidisciplinary follow-up sug-
gest us that it is not correct to propose this technique
without to rely on a MT. The lack of motivation to
follow this methodology must be a contraindication for
the procedure.

With regard to the results, we do not believe suitable to
qualify a weight loss superior to 50 % in 6 months as
“very good” as suggests Wahlen,"” provided that it might
represent in some cases a relative intolerance to the BIB,
accompanied by retention vomits or sometimes a turn
towards a disorder of food behavior type anorexia.

Let’s not forget, that has been demonstrated that the
loss of the fat free mass (FFM) is correlated in a linear
way by the degree of weight loss, indicating that a rapid
loss of weight can result in a disproportionately high
loss of muscular mass.

On the contrary, if we accept that the correct weight
loss should be an average of half to one kilo per week,
the total should range at 6 months between 12 and 24
kilos, independently of the initial weight.

We think also that it is important to mention, not
only the average percentage of lost overweight and his
range, but the number of patients who achieved a good
result. The consensus seems today to express as failure
a weight loss lower than 20% of the weight excess. In
effect, the variability of response is very wide, and the
average of percentage of weight loss is obtained on the
basis of an average of bad results and maybe some
excesses of weight loss.

Likewise, it is important to achieve a weight loss
concerning a maximum of fat mass (FM), with conser-
vation, or ideally increase, of fat free mass (FFM).

Ideally, the results of the obesity treatments should
concern the qualitative aspect of weight loss, instead of
the gross weight. In a recent controlled series of 39
patients treated by gastric By-Pass, we can observe a
loss of 59, 7% of the weight excess at 6 months, but
also a decrease of 7, 8 kg of FFM, which is not desired.
In this study, the body composition was measured up
on the basis of the total body water measured by means
of deuterium oxide isotopic dilution.'® Our problem is
that today the method we have used, the impedancio-
metry, is undoubtedly comfortable in the practice, but
of scanty precision.

The weight maintenance at one year has been obtai-
ned in 40% of the patients: this information compared

with non invasive methods is excellent, but he has to be
improved. Our first measure has been to the follow-up,
for all treated patients, up to 2 years.

In conclusion, treatment by means of BIB is useful
in the context of a MT. It has to include if possible a
physical trainer, provided that he seems to have a mar-
ked influence on the degree and the quality of the
weight loss.
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Abstract

Background & aim: To compare the effect of fish oil-
based (FO) lipid emulsions (LE) for parenteral adminis-
tration with standard LE and a new FO containing LE
composed of four different oils on the antigen presenta-
tion and inflammatory variables.

Methods: Phytohemagglutinin (PHA) activated human
mononuclear leukocytes were cultured with different LE
- Control: without LE; SO: soybean oil; SO/FO: soybean
and FO (4:1); MCT/SO: medium chain triglycerides and
SO (1:1); MCT/SO/FO: MCT/SO and FO (4:1) and
SMOF: a new LE containing FO. Cytokine production
was evaluated by ELISA, the expression of antigen-pre-
senting and co-stimulatory surface molecules were analy-
zed by flow cytometry and lymphocyte proliferation was
assessed by H3-Thymidine incorporation, after tetanus
toxoid-induced activation.

Results: All LE decreased the HLA-DR and increased
CD28 and CD152 expression on monocytes/macrophages
and lymphocytes surface (p < 0.05). SO/FO and MCT/
SO/FO decreased lymphocyte proliferation (p<0.05). All
LE decreased IL-2 production, but this effect was enhan-
ced with MCT/SO/FO and SMOF (p < 0.05). MCT/
SO/FO decreased IL-6 and increased IL-10, whereas SO
had the opposite effect (p < 0.05).

Conclusion: FO LE inhibited lymphocyte proliferation
and had an anti-inflammatory effect. These effects seem
to be enhanced when FO is mixed with MCT/SO. SMOF
had a neutral impact on lymphocyte proliferation and IL-
6 and IL-10 production.

(Nutr Hosp. 2009;24:288-296)
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EFECTO ANTIINFLAMATORIO DE LA EMULSION
PARENTERAL DE LIPIDOS CON ACEITE
DE PESCADO EN LEUCOCITOS MONONUCLEARES
HUMANOS ACTIVADOS

Resumen

Antecedentes & objetivo: Comparar el efecto de las
emulsiones lipidicas (EL) basadas en aceite de pescado
(AP) para la administracion parenteral con las EL estan-
dar y una nueva EL que contiene AP compuesta por cua-
tro aceites distintos sobre la presentacion antigénica y las
variables inflamatorias.

Métodos: se cultivaron leucocitos mononucleares acti-
vados con fitohemaglutinina (PHA) con diferentes EL -
Control: sin EL; AS: aceite de soja; AS/AP: sojay AP
(4:1); TCMV/AS: triglicéridos de cadena media y AS (1:1);
TCM/AS/AP: TCM/AS y AP (4:1) y SMOF: una nueva
EL que contiene AP. Se evalué la produccion de citocinas
mediante ELISA, se analiz6 la expresion de moléculas de
superficie de presentacion de antigeno y co-estimulado-
ras mediante citometria de flujo y se evalué la prolifera-
cion linfocitaria mediante la incorporacion de timidina-
H? tras la activacion inducida por el toxoide tetanico.

Resultados: Todas las EL disminuyeron la expresion de
HLA-DR y aumentaron la expresion de CD28 y CD152
sobre superficie de monocitos/macréfagos y linfocitos
(p < 0,05). La AS/AP y la TCM/AS/AP disminuyeron la
proliferacion linfocitaria (p < 0,05). Todas las EL dismi-
nuyeron la produccion de IL-2, pero su efecto se incre-
ment6 con las emulsiones TCM/AS/AP y SMOF (p < 0,05).
La TCM/AS/AP disminuy6 la IL-6 y aumenté la IL-10,
mientras que el AS tuvo el efecto opuesto (p < 0,05).

Conclusion: La EL AP inhibi6 la proliferacién linfoci-
taria y tuvo un efecto antiinflamatorio. Estos efectos
parecen estar potenciados cuando el AP se mezcla con
TCM/AS. La SMOF tuvo un efecto neutro sobre la proli-
feracion linfocitaria y la produccion de IL-6 e IL-10.

(Nutr Hosp. 2009;24:288-296)

Palabras clave: Emulsion lipidica. Aceite de soja. Aceite de
pescado. Moléculas co-estimuladoras 'y presentacion antigé-
nica.



Introduction

Fatty acids can modulate the immune and inflamma-
tory response in in vitro and in vivo studies.'?

Patients with indication for parenteral nutrition
receive fatty acids (FA) as lipid emulsions (LE) for
parenteral administration. Depending on the fatty acids
composition, LEs can have different impacts on
immune functions, and thus affect the patient’s clinical
course.*’

The immune response triggered by antigen presenta-
tion involves the active participation of different cell-sur-
face molecules with immune functions.®® The antigens
that undergo phagocytosis by monocytes/macrophages
and other antigen-presenting cells are expressed on the
cell surface by MHC class I molecules (also known as
HLA molecules) because they are recognized by T-hel-
per lymphocytes.®®

Additionally, the effective activation of the T-helper
lymphocytes also depends on the signal triggered by
the interaction between the co-stimulatory molecules
—CD80 and CD86— found on the surface of monocy-
tes/macrophages, and their receptor CD28.*!"' Without
the second co-stimulatory signal, the T-helper lymp-
hocyte does not recognize the antigen as a stimulant
and develops immune tolerance.'

After being activated, the immune cells start to pro-
duce several pro- and anti-inflammatory cytokines that
mediate the immune response against pathogenic
agents.

The activation level of the T-helper lymphocytes is
controlled by the surface molecule CD152, an alternative
ligand for CD80 and CD86 molecules. The interaction
between CD152 and the co-stimulatory molecules CD80
and CD86, inhibits the cell activation cascade, preven-
ting enhancement of the immune response.'>!*

The new goals of parenteral nutrition therapy for the
critically ill include mitigation of inflammation and
modulation of the immune system via immunomodula-
ting nutrients, such as n-3 polyunsaturated fatty acids
(n-3 PUFA). The n-3 PUFA have shown reduced
inflammatory effects and clinical benefits such as shor-
ter hospital stays and a potential decrease in morbidity
and mortality rates.'>"

Therefore, it is worth studying the in vitro effects of
parenteral lipid emulsions containing fish oil, rich in n-
3 PUFA, on the expression of human mononuclear leu-
kocytes surface molecules that participate in the anti-

Selection of volunteers and collection
of mononuclear cells

Samples of peripheral blood were drawn from
volunteers - healthy male donors (n = 10), 20-40 years
of age, non-smokers, mild exercise activity (less than
twice a week), non-drinkers of alcohol, non-users of
drugs and with history of no disease condition near (3
weeks) the date blood was collected.

Mononuclear cells were obtained by the Ficoll
Hypaque gradient method (Histopaque 1077, Sigma -
USA). They were then resuspended in a RPMI medium
(RPMI 1640, Gibco-USA), containing 2 mmol/L L-
glutamine, 25 mM/L Hepes medium, 0.07 mM/L gen-
tamicin and 1x10° U/L penicillin with 10% inactivated
FBS (Fetal Bovine Serum) (Gibco-USA).

Lipid Emulsions and Study Groups

The lipid emulsions available on the market and
used in this study have already been described.’

Six groups were established based on the type of
lipid emulsion added to the culture medium (table I).

Cell cultures to evaluate the expression of surface
molecules, determine the lipid profile of the cell
membrane and the production of cytokines

Costar 24-well cell culture plates were used to incu-
bate 2x10°mononuclear cells with viability above 95%
(as accessed by Tripan Blue exclusion) under humid
atmosphere, with 5% of CO, at 37 °C for 24, 48 and 72
hours in 2 mL RPMI 1640 culture medium (Gibco-
USA), containing 10% of inactivated FBS (Gibco-
USA), 2 mmol/L L-glutamine, 25 mM/L Hepes, 0.07
mM/L gentamicin and 1x10° U/L penicillin, in 10
wg/mL phytohemagglutinin (Phytohemagglutinin =
PHA) (Sigma-USA). Different parenteral LEs were

Table I
Experimental groups

Lipid emulsions added

Experimental groups .
P group to the culture media

. . . Control No lipid emulsion added
gen-presentation process, cytokine production and 50 Lipovenoes® LCT 20%
lymphocyte proliferation. . )

SO/FO Lipovenoes® LCT 20% enriched
with Omegaven® 10% (4:1)
Materials and methods MCT/SO Lipovenoes® MCT 20%
MCT/SO/FO Lipovenoes® MCT 20% enriched
Ethical statement with Omegaven® 10% (4:1)
SMOFlipid® 20%
All experimental procedures of the current study SMOF (30% soybean oil/30% MCT/25% olive oil/
were previously approved by the local Ethical Scienti- 15% fish oil
fic Committee. © Fresenius Kabi.
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added at the concentration of 1 mg/mL to make up the
six experimental groups.

Separation of mononuclear cell membranes
and gas chromatography

The monocytes/macrophages and lymphocytes of
each experimental group were submitted to five cycles
of freezing/defreezing in liquid nitrogen. Then the pool
of cells of each group was centrifuged at 5,000 rpm for
five minutes at 4 °C. The supernatant was collected and
centrifuged for 60 minutes at 30,000 rpm at 4 °C."

Then, the fatty acids of the cell membrane were
extracted and sterilized using the Folch method."
Membrane composition was determined by gas chro-
matography (Shimadzu CG2010AF-Japan), equipped
with a splint/splintless injector, flame ionization detec-
tor (FID) and a fused silica capillary column - 100 m
long, 0.25 um internal diameter and 0.20 um film.
(Omegawax 2560, Supelco-Japan).

A 37-fatty acid standard was used (FAME Standard
Supelco 37-Component FAME Mix, Supeco-Japan).
One mL of the sample was analyzed in the splintless
mode at 270 °C, column with initial temperature fixed
at 60 °C with temperature ramp rate of 3.5 °C/min until
it reached 240 °C. The detector temperature was main-
tained at 300 °C.

Analysis of the expression of surface molecules
by flow cytometry

Forty-eight hours later, the cells that had not adhered to
the culture plate were discarded and only adherent
monocytes/macrophages were labeled with the follo-
wing anti-human monoclonal antibodies: CD14 APC,
HLA-DR Cy-Chrome, CD80 FITC and CD86 PE (BD
Biosciences, USA) and their respective isotype controls:
mouse IgG2a APC, mouse IgG2ak Cy-Chrome, mouse
IgG1 FITC and mouse IgG2b.k PE (BD Biosciences,
USA). Seventy-two hours later, the non-adherent cells
were labeled with monoclonal antibodies specific to T-
helper lymphocytes - anti-human CD3 Cy-Chrome, anti-
human CD4 APC, anti-humanCD28 FITC and anti-
humanCD152 PE (BD Biosciences, USA) and their
respective isotype controls - mouse IgG1,k cy-chrome,
mouse [gG 1,k APC, mouse IgG1 FITC and mouse [gG2a
PE (BD Biosciences, USA). After being labeled, the cells
were examined by flow cytometry (FacsCalibur Becton
& Dickson-USA). Aliquots of monocytes/macrophages
incubated for 48 hours and lymphocytes cultured for 72
hours were collected for determining the lipid profile of
the cell membrane.

Analysis of cytokine production

To measure cytokine production, samples of the
mononuclear cells cultured with the different parente-

ral LEs and activated with PHA were collected after
24-hours to analyze the production of IL-2 and IL-6
and after 48-hours for IL-10. The samples were stored
in liquid nitrogen immediately after collection for
later measurement of cytokine production by ELISA,
using specific kits (Human IL-2 ELISA Set, Human
IL-6 ELISA Set and Human IL-10 ELISA Set, BD
Biosciences-USA).

Cell culture to assess lymphocyte proliferation
stimulated by antigen-presentation

After obtaining mononuclear cells using the Ficoll
Hypaque gradient (Histopaque 1077, Sigma-USA), 3
samples of 2 x 10°mononuclear cells with viability
above 95% were incubated for 120 hours in 96-well
culture plates (Costar-USA), under humid atmosphere
conditions with 5% CO, at 37°C, in RPMI 1640 culture
(Gibco-USA) containing 10% inactivated BFS (Gibco-
USA), 2 mmol/L L-glutamine, 25 mM/L Hepes, 0.07
mM/L gentamicin and 1 x 10° U/L penicillin. One
mg/mL of the different ELs was added to the study
groups. For stimulating antigen-induced lymphocyte
proliferation, 10 pg/mL of tetanus toxoid (TT) (Insti-
tuto Butanti, Brazil) were added to the culture. Twelve
hours before harvesting, 5 uCi of H:-Thymidine
(Amersham Pharmacia, USA) were added. After the
end of the reaction, beta counter (Packard, USA) deter-
mined the incorporation of H3-Timidine by prolifera-
ting cells.

Statistical analysis

Statistical analysis of the data regarding intensity
and fluorescence percentage was performed with
Friedman’s test and Student-Newman-Keuls post-test,
with P<0.05.

The results obtained for lymphocyte proliferation
and cytokine production were submitted to statistical
analysis using analysis of variance (ANOVA) and the
Student-Newman-Keuls test, with P <0.05.

Results

Lipid profile of the monocyte/macrophage membrane
and human lymphocytes treated with different
lipid emulsions

Human monocytes/macrophages —PHA -activated
and cultured with different LEs— presented less
monounsaturated fatty acids (MUFA) and a higher
PUFA concentration at the cell membrane compared to
the control group cultured with no lipid emulsion
added to it. In the groups cultured with fish oil lipid
emulsion, there was an increase in the concentration of
n-3 PUFA (docosahexaenoic acid) at the membrane of
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Table IT
Lipid profile of monocytes/macrophages and lymphocytes cell membrane

Fatty acids Control NG SOIFO MCTISO MCTISOIFO SMOF
MO LO MO LO MO LO MO LO MO LO MO  LO
Lauric (C12:0) 0.97 4 209 7.7 3.9 5 1124 94 1112 6 NA  6.67
Miristic (C14:0) 3.48 1.2 397 1.8 311 236 791 35 806 0.72 1051 4.08
Palmitic (C16:0) 3328 304 31.05 20.27 3425 253 2479 2145 2335 25.53 22.33 19.39
Estearic (C18:0) 1456 1572 1354 15.01 16.33 16.09 10.52 23.18 16.64 1531 8.95 19.83
Eicosadienoic (C20:2) NA NA 1.4 41 327 NA 764 65 111 NA 405 NA
Docosadienoic (C22:2) 239 NA 334 NA NA NA NA NA 1.16 NA 224 NA
Palmitoleic (C16:1) 22 NA 299 NA 368 NA 2383 NA NA NA NA NA
Oleic (C18:1n-9) 2449 21.13 16.89 7.1 1331 12.01 499 1294 13.03 1543 18.08 12
Linoleic (C18:2 n-6) 407 325 535 791 63 4 41 409 35 733 432 549
Gama-Linolenic (C18:3 n-6) 13.19 59 806 105 9.6 647 691 418 NA 353 505 99
Eicosatrienoic (C20:3 n-6) 137 NA 152 NA NA NA 41 NA 217 NA NA NA
Arakidonic (C:20:4 n-6) NA 184 98 25,61 221 209 1542 1476 12.68 14.1 18.8 15.03
Alfa-Linolenic (C18:3 n-3) NA NA NA NA NA NA NA NA NA NA NA NA
Docosahexaenoic (C22:6 n-3) NA NA NA NA 475 32 NA NA 7.18 659 5.67 45
Eicosapentaenoic (C20:5 n-3) NA NA NA NA NA 467 NA NA NA 546 NA 3.1
Fatty acids groups
Saturated Fatty acids 5229 51.32 50.65 44.78 56.88 48.75 5446 57.53 59.17 47.56 41.79 49.97
N-3 PUFA NA NA NA NA 475 787 NA NA 7.8 12,05 5.67 7.61
PUFA n-6 18.63 27.55 2473 44.02 18.11 31.37 30.53 23.03 18.35 24.96 28.17 30.42
MUFA n-9 2449 21.13 16.89 7.1 1331 12.01 499 1294 13.03 1543 18.08 12

Data expressed in percentage. Control = without LE; NA = not available; MO = monocytes/macrophages; LO = Lymphocytes, PUFA = polyunsa-

turated fatty acids, MUFA = monounsaturated fatty acids.

those cells compared to the control and all the other
groups cultured without fish oil.

At the cell membrane of human lymphocytes, there
was a decrease in the MUFA n-9 and saturated fatty
acids and an increase in PUFA concentration, except
for the MCT/SO group, which presented a reduction in
n-9 MUFA, n-6 PUFA and an increase in saturated
fatty acids. Fish-oil groups had an increase in n-3
PUFA (eicosapentaenoic and docosahexaenoic acids —
EPA and DHA) at the cell membrane of lymphocytes
compared to the control and to other groups cultured
without fish oil (table II).

Effect of LEs on the expression of surface molecules

All parenteral lipid emulsions, regardless of the fatty
acid content, reduced the fluorescence intensity of the
antigen-presenting molecules HLA-DR expression on
human monocytes/macrophages surface, and enhanced

the fluorescence (%) of human T-helper lymphocytes
expressing CD28 and CD152 surface molecules. The
different LEs did not affect the expression of CD80 and
CD86 molecules on the surface of human monocy-
tes/macrophages (table III).

Effect of LE on lymphocytes capacity to proliferate
via antigen presentation

Lipid emulsions enriched with fish oil reduced the
lymphocytes’ capacity to proliferate when stimulated by
antigen presentation [SO/FO vs. Control (p = 0.03) and
MCT/SO/FO vs Control and MCT/SO (p=0.001)] (fig. 1).

Effect of different LE on cytokine production

All groups incubated with parenteral lipid emul-
sions reduced the production of IL-2 compared to

Anti-inflammatory effect of parenteral
fish oil
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Fig. 1 —Effect of diffe-
rent lipid emulsion on
lymphocyte prolifera-
tion.

*p <0.05 versuscontrol; p < 0.05 versus control and MCT/SO. (ANOVA and Student-Newman-Keuls post-test).

Table IIT
Expression of surface molecules of human monocytes/macrophages and lymphocytes treated with different
parenteral lipid emulsions

Control 50 SOIFO MCTISO MCTISOIFO SMOF
HLADR 987@ 99.1 99.2 98.3 98.1 99.4
952-99.8(b)  952-999  946.998  934-99.8 93.1-99.9  91.9-99.9
~ S 62.6 677 75 572 62.5 63.8
g s CD80 35.5-76 34.1-76.1 36.1-81 27-66.9 252784 293-717
S Ds6 842 82.8 85.6 83 813 81.6
3 80-98.4 68.8-963  69.6:941  80.8-95.2 726947  72.5-977
S bas 82.8 90.9% 90.4% 91.5% 92,6 90.1%
< - 81.3-88.6 81-94.1 833925  85.1-944 823956  85.6.94.7
Y piss 54.4 52,9 55.4 613 61.3 54.4
504-77.6  461-702 497673 50.1-76.2 535753 483-76.9
100 87,6+ g4 81 85+ 80*
= HLA-DR 40 100 80.8-923  76.2-90.5 79.5-96 77.3-95.8 74.1-94.3
= S oo 100 103.2 88.3 97.2 103.5 89
g = 100-100  905-119.6  793-943  849-1156  78.1-119.6  83.3-114.5
$
S CDS6 100 94.2 96.9 94.9 913 88.6
R 100-100 928-118 6631125  802-1267  792-127  77.9-1269
S bas 100 915 97.3 94.9 96.9 952
2 - 100-100  85.9-1022  922-101.4  89.1-101.3  92.9-103.8 89.1-99
=
N i 100 120.6* 108.8* 127.7% 114.6% 121 3%
100-100 11181456  104.8-133.1  1102-1457  109.8-124.6  112.7-133.6
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the control group (no lipid emulsion). The MCT/
SO group presented the lowest reduction of IL-2,
whereas the SMOF group presented the highest

Results expressed as (a) median (b) 25-75 percentile. * p < 0.05 versus Control, (Friedman Test and Student-Newman-Keuls test). n = 10. Abbre-
viations: MO = monocytes/macrophages, LO =lymphocytes.

inhibition rate of cytokine production (SMOF vs.
SO, SO/FO, MCT/SO and Control group. p < 0.01)

(fig. 2).
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Fig. 2—Invitro effect of different parenteral LE on cytokines production.

The SO group increased the production of IL-6 in
contrast to the control and all the groups treated with
LEs (p < 0.001). The lowest production of IL-6 was
observed in the MCT/SO/FO group (p < 0.001) (fig. 2).

Production of the anti-inflammatory cytokine IL-10
decreased in the SO group when compared to the other
groups (p < 0.05). However, the production of IL-10
increased in the SO/FO and MCT/SO/FO groups com-
pared to the control group (p < 0.05) and to groups with
no fish oil added: SO and MCT/SO (p < 0.05) as well as
to the SMOF group (fig. 2).

Discussion

In the current study we observed an increased incor-
poration of PUFA, particularly from the n-3 series, at
the membrane of monocytes/macrophages and activa-
ted lymphocytes when they were cultured with LEs
containing fish oil (SO/FO, MCT/SO/FO and SMOF
groups). We also found a decrease in n-9 MUFA (oleic
acid). Our finding agrees to previous studies where
mitogen-activated mononuclear cells cultured with
PUFA increased PUFA incorporation at the cell mem-
brane and reduced the concentration of saturated and
monounsaturated fatty acids.>?*

The increased incorporation of polyunsaturated fatty
acids (PUFA) at the cell membrane enhances its flui-
dity and consequently the expression of surface mole-
cules of immunological cells. On the other hand, the
decrease in PUFA at the membrane and the increase in
MUFA and saturated fatty acids decrease membrane
fluidity, which can decrease the expression of surface
molecules.?? Keratinocytes cultured with EPA and
arachidonic acid (AA) enhanced the expression of
ICAM-1. This finding was associated to the increased
fluidity of the cell membrane of keratinocytes after the
incorporation of n-3 and n-6 PUFA.2

Theoretically, the change of fatty acid profile, at the
cell membrane observed in the current study, should

favor the expression of surface molecules. However,
the response of surface molecules expression in this
study was not consistent to former findings with regard
to the lipids emulsions they have been exposed to.

In the present observation, all parenteral lipid emul-
sions decreased the expression of HLA-DR molecules
on activated monocytes/macrophages surface. Regar-
ding containing-fish oil LE groups, and consistent with
our findings, Hughes et al. found that activation of
human mononuclear cells by INF-gamma and subse-
quent incubation with EPA and DHA, (using the same
ratio naturally found in fish oil), reduced the expres-
sion of surface molecules - HLA-DR, HLA-DP and
HLA- DQ. They also found a reduction in lymphocyte
proliferation after antigen stimulation with the tetanus
toxoid antigen.?

In the present in vitro study, there was an increase in
lymphocyte receptors for the co-stimulatory molecules
CD28 and CD152 by all studied lipid emulsions.
Regarding containing-fish oil groups, Sasaki et al. had
also found enhanced expression of CD28 molecules on
the surface of T-lymphocytes in isogenic C57BL/6
mice fed with an oral diet supplemented with n-3
PUFA *! In the other hand, mice fed with EPA and
DHA did not change the expression of CD28§, but EPA
enhanced the expression of CD152 compared to con-
trol animals fed with corn oil, rich in n-6 PUFA. The
authors found a decrease in the proliferation of lymp-
hocytes stimulated by antibodies anti-CD3 and anti-
CD28 with EPA, suggesting that EPA could inhibit the
proliferation of lymphocytes by enhancing the mole-
cule that downregulates the co-stimulatory signal
(CD152).7

In the present study, reduced lymphocyte prolifera-
tion could be expected for all groups incubated with
LEs due to the increased expression of CD152 and
reduced production of IL-2, a cytokine witch stimulate
lymphocyte proliferation.** However, there was a
decreased lymphocyte proliferation only in the groups
that received fish oil-based lipid emulsions (SO/FO

Anti-inflammatory effect of parenteral
fish oil
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and MCT/SO/FO). In addition, although SMOF con-
tain fish oil group and had a lower production of IL-2,
this parenteral lipid emulsion did not significantly
decrease lymphocyte proliferation, indicating a favora-
ble effect of this fish oil-containing lipid emulsion on
this variable.

Potential mechanisms that can be involved in the
fish oil-related modulation of lymphocyte proliferation
include inhibition of cell cycle progression and induc-
tion of apoptosis. Jurkat cells incubated with EPA and
DHA had reduced lymphocyte proliferation and also
inhibited the MAP-kinase signaling pathway, which
plays a key role in the progression of the cell cycle
during lymphocyte proliferation.***' In another in vitro
study, EPA and DHA increased the number of lymp-
hocytes in the GO/G1 phase and reduced the ratio of
these cells at phases S and G2/M of the cell cycle, con-
firming that reduced lymphocyte proliferation could be
due to inhibition of cell cycle progression.* In addition,
an in vitro study has shown that there is a relationship
between the inhibition of lymphocyte proliferation and
the pro-apoptotic effect of n-3 PUFA. Incubation with
DHA reduced the proliferation of HL-60 cells.*

In vitro studies with lipid emulsion added to the cul-
ture media have shown that mechanisms that trigger
apoptosis can be activated by the deposit of free radi-
cals in the cell since PUFA are more susceptible to
lipid peroxidation.** The increase in the concentration
of free radicals in cell cultures can induce death and
affect the cell cytoskeletal structure.®

This latest observation allows us to speculate that in
our study the potential inhibitory effect of lymphocyte
proliferation found in the experimental mixtures with
LEs containing fish oil, except for the new SMOF
emulsion, could have been associated with the increa-
sed oxidative stress. Although the SMOF group con-
tains fish oil, it is worth emphasizing that this parente-
ral lipid emulsion has the highest antioxidant content
(0.2 g/L) compared to the other groups (approximately
0.1 g/L).

In our study, the experimental mixture of MCT/SO
with fish oil emulsion (4:1) had promoted an anti-
inflammatory effect, with downregulation of the pro-
inflammatory cytokine IL-6 and upregulation of the
anti-inflammatory IL-10. Additionally, the experimen-
tal mixture of SO with fish oil (4:1) also increased IL-10.

Regarding the differences between in vitro and in
vivo studies, especially in studies involving cytokines,
our findings also agrees with previous scientific reports
of n-3 PUFA which have shown, after an inflammatory
stimulus, a decreased production of pro-inflammatory
cytokines such as IL-1-alfa and beta, IL-6 and TNF-
alpha and beta.’*

During parenteral supply of fish oil, n-3 PUFA can
become quickly available to organs, tissues and
immune system cells, expediting its modulating effect.
In this sense, the infusion of fish-oil based lipid emul-
sion in healthy volunteers for a short period of time (48
hours) significantly increased the ratio of n-3/n-6 fatty

acids at the plasma and at the monocyte membrane and
reduced the production of pro-inflammatory cytokines,
TNF-alpha, IL-1, IL-6 and IL-8, after stimulation of
monocytes with endotoxin. This effect was not obser-
ved in the control group, which received the infusion of
soybean oil-based LE.* Clinically, the preoperative
parenteral infusion of fish oil-based lipid emulsion in
surgical patients also reduced the amount of IL-6.%

In our in vitro study, the soybean oil-based lipid
emulsion, rich in n-6 PUFA, increased the pro-inflam-
matory cytokine IL-6 and reduced the anti-inflamma-
tory cytokine IL-10 in the supernatant of cell cultures.
The inflammatory effect of a lipid emulsion rich in n-6
PUFA was also observed in animals with burns, fed
with central parenteral nutrition, in which the sunflo-
wer oil infusion increased the plasma levels of IL-6
compared to control animals that received no fat in
their parenteral nutrition.* Clinically, the parenteral
infusion of the lipid emulsion containing soybean oil in
severely stressed surgical patients resulted in increased
serum IL-6 compared to the control group that received
parenteral nutrition without soybean oil.*

It is interesting to observe that SMOF had a neutral
effect on the production of IL-6 and IL-10, although it
contains fish oil. Considering that the mixture of
MCT/SO with fish oil reduced the level of IL-6 and
amplified IL-10, the neutral effect of SMOF could be
attributed to the amount of olive oil (25%), rich in n-9
monounsaturated fatty acids. The n-3, n-6 PUFA and
n-9 MUFA are incorporated by the cell membranes,
but their affinity decreases in the order mentioned.*?
We could presume that the increased availability of n-9
affected the incorporation of the n-3 and n-6 series,
because the ratio n-6:n-3 is higher at the membrane of
monocytes/macrophages and lymphocytes from the
SMOF group compared to the MCT/SO/FO group
(SMOF = 7:1.4 and MCT/SO/FO = 3.8:1 at the mem-
brane of monocytes/macrophages and SMOF =4:1 and
MCT/SO/FO=2:1 at the membrane of lymphocytes).

The reduced production of pro-inflammatory cyto-
kines IL-2 and IL-6 and the increase of anti-inflamma-
tory cytokine IL-10 observed with fish oil LE could be
of clinical importance as it can modulate the inflamma-
tory response and reduce its severity.

Conclusions

Based on the findings of our study with activated
human monocytes/macrophages and lymphocytes, we
can conclude that parenteral lipid emulsions, regard-
less of their fatty acid composition, are responsible for
similar modulation of the expression of surface mole-
cules involved in the process of antigen presentation,
although this modulation varies depending on the type
of cells studied. Adding 20% of fish oil emulsion to
convention lipid emulsions containing soybean oil and
MCT/soybean oil results in anti-inflammatory effect
related to cytokine production and decreased lymp-

294 Nutr Hosp. 2009;24(3):288-296

T. Manzoni Jacintho et al.



hocyte proliferation. The new lipid emulsion —SMOF—
containing a mixture of soybean, olive and fish oil, plus
medium-chain triglycerides, had a neutral impact on
the studied immune and inflammatory variables.
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Abstract

The aim of this study is testing black grape juice as a
radiomodifier against whole body X-irradiation using an
animal model. Sixteen male Wistar rats were divided into
four groups where two were irradiated by X-rays from a
200 kV machine specially designed to biological samples.
Animals were fed ad libitum and drank voluntarily 2-10
ml a day of grape juice or placebo (isocaloric glucose and
fructose solution) for one week before and two weeks
after 6 Gy X-irradiation when they were sacrificed.
Results have shown a significant liver weight loss in irra-
diated placebo group only while grape juice one has pre-
sented no losses. Hematological analysis showed typical
abnormalities for ionizing radiation exposure, including
early leucopenia and anemia. The intake of grape juice
induced an increase in granulocyte percent count.

(Nutr Hosp. 2009;24:297-303)
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EFECTO RADIOMODIFICADOR DE LA
SUPLEMENTACION CON MOSTO DE UVA
DE CULTIVO ECOLOGICO SOBRE PARAMETROS
HEMATOLOGICOS Y PESO DE ORGANOS
EN RATAS SOMETIDAS A IRRADIACION
DE CUERPO ENTERO CON RAYOS X

Resumen

El propdsito de este estudio fue comprobar el efecto
radiomodificador del mosto tinto de uva frente a irradiacion
de cuerpo entero con rayos X usando un modelo animal. Die-
ciséis ratas macho de raza Wistar fueron irradiadas
mediante un aparato de 200 kV disenado especificamente
para muestras bioldgicas. Los animales fueron alimentados
ad libitum y bebieron cada dia voluntariamente entre 2 y
10 ml de mosto de uva o placebo (solucion isocalérica de
glucosa y fructosa) durante una semana antes y dos sema-
nas después de irradiacion con rayos X a una dosis de 6
Gy, momento en que fueron sacrificadas. Los resultados
mostraron una pérdida significativa de peso hepatico en
los animales irradiados tratados con placebo, mientras
que los tratados con mosto presentaron valores similares
a los controles no irradiados. El analisis hematolégico
presento las anomalias tipicas de la exposicion a radia-
cion ionizante, con disminucion leucocitaria temprana y
anemia. La ingestion de mosto de uva indujo un aumento
del porcentaje de granulocitos.

(Nutr Hosp. 2009;24:297-303)

Palabras clave: Rayos X. Mosto tinto de uva. Radiomodifica-
dor. Ratas.
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Introduction

The use of ionizing radiation for a wide range of pur-
poses has been growing up rapidly since the nuclear holo-
caust. Nuclear and radiological technologies have spread
over most of knowledge fields, from Engineering to
Health Sciences, even though its uses can be controver-
sial and a bottleneck on radiation protection is a problem
to be solved. Exposure to ionizing radiation can be harm-
ful and searching for radiomodifiers (drugs or nutrients)
has full epidemiological relevance. The ideal radiopro-
tective agent (radiomodifier) must provide: a) significant
protection against radiation effects; b) a general protec-
tive effects to all other organs including non-target ones
(in case of therapy); ¢) acceptable route of administration
(oral is preferred); d) low toxicity; e) compatibility for
use with other drugs.'? Radiomodifiers are substances
able to reduce the effect of the ionizing radiation strike,
but unable to stop it. Their action is neither like a barrier
nor shielding for ionizing radiation, but as scavengers for
reactive oxygen species. Clinically relevant radiomodi-
fier substances should have low or none toxicity and
synergic action with other drugs. Dealing with these pur-
poses the best option is a functional food or nutraceutical.
Unfortunately, there is no compound that manifest all
these properties at a time and among more than 300
radiomodifiers developed,? amifostine (WR2721, Eth-
yol) has proved as most efficient but only authorized for
radiotherapy treatment of head and neck cancer.’* Natu-
ral compounds in human diet could provide functional
antioxidants, such as vitamins, minerals and enzymes
acting as radiomodifiers on reducing oxidation damage
caused by ionizing radiation exposure. An example is the
use of vitamin E for recovering post-irradiation procedu-
res showing good results.>” Radiation exposure might be
heterogeneous in terms of dose, dose rate and quality,
depending on the type of the radiation source released
and the location of the subject on site. Therefore, met-
hods are needed to protect against and treat a wide range
of early and later developing radiation-induced injuries.
Acute effects of the exposure to ionizing radiation mainly
include immune suppression, hematopoietic cell loss,
mucosal damage, and potential injury to other sites such
as lung, kidney, liver and central nervous system.® Liver
plays a particular role in radiosensitivity and as a conse-
quence of its redundant, parallel functional structure,
liver is able to deal with high radiation dose as long as
only partial irradiation occurs; otherwise, whole organ
irradiation leads to hepatocyte failure and RILD (Radia-
tion Induced Liver Disease) such as hepatitis might be
installed.’

Long-term effects include dysfunction, fibrosis and
cancer in a wide range of organs and tissues. Blood counts
can help to manage the decision-making process in clini-
cal decisions. The hematopoietic syndrome is signifi-
cantly important to partial-body or whole-body ionizing
radiation exposures exceeding 1Gy.! Irradiation of bone
marrow stem and progenitor cells at increasing doses
results in exponential cellular death.' Mitotically active

hematopoietic progenitors have a limited capacity to
divide after a whole-body radiation dose greater than 2 or
3 Gy." After exposure, a hematologic crisis might lead to:
a) predisposition to infection, b) bleeding, and ¢) poor
wound healing, among others. A predictable decline in
lymphocytes occurs after irradiation, and in fact, there is a
50% decline in absolute lymphocyte count within the first
24 hours after exposure, followed by a further, more
severe decline within 48 hours." The predictability of the
rate of lymphocytic depletion count, which characterizes
a potentially lethal exposure, has led to the development
of a model using lymphocyte depletion kinetics
(Andrew’s curve) as a biodosimetric tool.'>'* The rate of
decline of the absolute lymphocyte count over the initial
12 hours and for a week after exposure is a function of
cumulative dose® and the lymphocyte depletion kinetics
predicts dose assessment for a photon-equivalent dose
range within 1 and 10 Gy, range in which most of the
radiobiological effects take place. For an optimal scree-
ning and a good support for clinical decision-making pro-
cess a complete blood cell count with leukocyte differen-
tial should be obtained immediately after exposure, 3
times per day for the next 2 to 3 days, and then twice per
day for the following 3 to 6 days. However, it is recom-
mended at least 3 complete blood counts with differential
within the initial 4 days after exposure to calculate a slope
for lymphocyte decline for estimating the exposure dose.
The onset of other cytopenias varies depending on both
dose and dose rate and granulocyte counts may transiently
increase before decreasing in exposures less than 5 Gy in
humans.' This behavior, termed an abortive rise, is a tran-
sient increase in the absolute number of cells in any com-
partment of a nearly depleted hematopoietic cell renewal
system, and may indicate a survivable exposure.'®

The probability of occurrence of those effects can be
minimized or altered by the radiomodifier action. Several
evidences suggest that grape juice and seeds can provide
protection levels against exposure to ionizing radiation."”
Radiobiological effects of ionizing radiation are a brand
new issue of Science and have been taking noticeable
advances over the last 60 years." However, most of the
effort made has been facing a hard pathway, bordering
other fields such as Biochemistry, Molecular Biology
and Medicine, which turns Radiobiology out a complex
field to be explored.

The present work is aimed to test black grape juice as
aradiomodifier against whole body X-irradiation using
rats as an animal model in order to assess the possible
changes in bodily and hematological parameters.

Materials and Methods
Animals

Sixteen male Wistar rats weighing 200-250 g (Har-
lan, Barcelona, Spain), housed at the animal house of

University of Le6n (Spain), were included in the study.
The experimental protocol used was approved by the
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University of Ledn Ethical Committee, and adhered to
the European Community Guiding Principles for the
Care and Use of Animals.

Whole Body Irradiation

Animals were divided into four groups: (MN) non-
irradiated, grape juice supplemented; (GN) non-irra-
diated, placebo (isocaloric glucose plus fructose) sup-
plemented; (MR) irradiated, grape juice supplemented,
and (GR) irradiated, placebo (isocaloric glucose/fruc-
tose solution) supplemented. In order to immobilize
the animals, anesthesia was induced by intraperitoneal
administration of pentobarbital 0.6% in saline (10
ml/kg body weight), at noon, 15 minutes before irradia-
tion, ensuring the loss of palpebral and plantar reflex
activity and spontaneous respiration throughout the
procedure. The animals were placed in decubitus pro-
nus on a plexiglas board, so that four animals would be
irradiated at a time and exposed to a single dose of 6 Gy
of whole body X-irradiation from an X-ray machine
(200 kV) MAXISHOT 200 (YXLON, Copenhagen,
Denmark), at a radiation dose rate of 0.40 Gy/min, with
a source-skin distance (SSD) of 50 cm.

Food and Drink

Animals were fed according to a standard rat chow
diet, having free access to ad libitum water and food.

After one week adaptation to individual cages, they
were allowed to ingest a maximum of 10 ml of test
compound (grape juice) or placebo, depending on their
assigned group. Environmental conditions were con-
trolled (12-hour photoperiod and 20 + 2 °C) throughout
the experimental period.

Grape juice and placebo composition

Ecologically-produced (organic) black grape juice
was obtained from the city of Garibaldi (Rio Grande
do Sul, Brazil), in the main grape-growing region of
the state. Grapes were cultivated in 2007 and the
juice was prepared the same year. The concentration
(mg/L) of phenolic compounds in the grape juice was
determined as follows: Resveratrol 3.95 + 0.01,
Quercetin 8.95 £ 0.09, Rutin 3.75 £ 0.03, Gallic acid
81.07 £ 2.03, Caffeic acid 30.28 = 2.00, Flavonoids
0.249 £ 0.002." Placebo solution was made using an
equimolar mixture of glucose and fructose to be iso-
caloric with the sugar composition in the grape juice

(95 g/L).

Blood samples collection

Blood samples were collected at 6, 24, 48 hours and
16 days following X-ray exposure using heparinized
capillaries by puncturing the retro-orbital plexus after
prior mild anesthesia with isofluoran.

Table I

White cell counts obtained at 6, 24, 48 hours, and 16 days after whole-body X-irradiation of 6 Gy in male Wistar rats

. X Leukocytes Lymphocytes Monocytes Granulocytes
Ttme/Gioup (x 10°/L) (x 10°/L) (x 10°/L) (x 10°/L)
MN 8.21+0.82 4.76 £0.94 0.25+0.08 3.20+0.69
6h MR 3.62 £ 0.59*# 1.00 £0.27%# 0.25£0.06 2.40£0.33
GR 4.19 £ 0.97*# 1.39 £ 0.39%# 0.25+0.06 2.54+0.62
GN 9.22+1.45 6.46+1.42 0.24+0.11 2.52+0.16
MN 9.1+£0.96 7.12+0.78 0.24+0.06 1.76 £0.38
24h MR 1.1 £0.08%# 0.25 +0.03*# 0.10 +0.01*# 0.73 +0.07*#
GR 0.7 £0.12%# 0.18 £ 0.05*# 0.06 £ 0.01*# 0.48 £ 0.06*#
GN 10.2+1.78 8.24+1.52 0.28+£0.02 1.71+£0.66
MN 9.34+1.41 8.07+1.16 0.11£0.03 1.16£0.26
48h MR 0.55 £ 0.04*# 0.11 £0.01*# 0.04 £0.01# 0.40 £ 0.04*#
GR 0.81 +0.32%# 0.39 +0.18*# 0.06 +0.04+# 0.37 +£0.11+#
GN 7.37£0.84 5.78 £0.54* 0.33 £0.13* 1.27+£0.41
MN 3.22+0.47 2.38+0.68 0.03+0.01 0.81+0.31
16d MR 0.67 £0.09*# 0.50 £0.07*# 0.02£0.01 0.14 £ 0.03*#
GR 0.46 + 0.12%# 0.40 +£0.05*# 0.02+0.01 0.15 +0.07*#
GN 3.68+0.39 2.84+0.27 0.09 +0.03* 0.75+0.20

MN (grape juice only), MR (grape juice + X-irradiation), GR (placebo + X-irradiation) and GN (placebo only).
Means + s.e.m. of 4 animals per group. Significant differences from non-irradiated groups at p< 0.05 (Newman-Keuls test) are indicated as *(MN)

and #(GN).
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of 6 Gy in male Wistar rats

Relative (%) hematological parameters obtained at 6, 24, 48 hours, and 16 days after whole-body X-irradiation

Time/Group Lymphocyte (%) Monocyte (%) Granulocyte (%)
MN 57.0+9.8 2.85+0.76 40.1£10.3
6h MR 26.2 £5.5%# 6.45 £ 0.66*# 67.3 £11.6%#
GR 32.4£2.0%# 7.15 £ 1.88*# 60.5 £ 3.9%#
GN 68.4+4.2 295+1.29 28.7+6.2
MN 78.3+3.7 2.67+0.54 19.0£3.2
24h MR 23.0 £2.9%# 8.97 + 0.85%# 68.0 £ 3.27%#
GR 22.0 £5.2%# 8.32 £0.80*# 69.7 £5.3%#
GN 80.5+4.0 3.13+£0.78 16.3+4.14
MN 86.8+1.4 1.18£0.33 12.0£1.26
48h MR 19.9 +1.3%# 7.58 £ 1.46*# 72.5 £ 1.9%#
GR 42.4 +7.3%# 5.60 +1.40%# 52.0 £7.5%#
GN 79.3£4.38 430%1.26 164£3.6
MN 69.3+15.7 2.82+£0.22 29.9+15.9
16d MR 75.6£2.7 3.23£1.10 21.2£2.0
GR 72.2£8.5 3.50+£1.20 244+73
GN 77.7+£3.9 2.55+£0.62 19.8+3.5

MN (grape juice only), MR (grape juice + X-irradiation), GR (placebo + X-irradiation) and GN (placebo only).
Means * s.e.m. of 4 animals per group. Significant differences from non-irradiated groups at p < 0.05 (Newman-Keuls test) are indicated as *(MN)

and #(GN).

Results and discussion

As it can be seen in table I, leukocyte count decrea-
sed with significant differences for all samples consi-
dering MR and GR groups in relation to controls.
Lymphocyte counts fell down dramatically, but they
showed a relative recovery for MR group, not seen in
GR. This fall in lymphocyte counts may be interrupted
by an abortive rise'® followed by final recovery due to
the release of damaged blood cells. Monocyte count
dropped significantly in comparison to controls only
for 24 and 48 hours. Granulocytes decreased, for all
sampling times and groups. Erythrocyte count (table
III) showed normal values for the first 48 hours and a
significant decrease at 16 days after irradiation, indica-
tive that an anemia was installed. Levels of hemoglo-
bin decreased significantly at 48 hours for MR group,
and at 16 days in MR and GR, respectively to controls.
Although there is absence of statistical significance on
hemoglobin levels for MR and GR groups compared
each other, at 16 days there is a tendency on keeping
higher values for MR group, with higher variability
found on GR group. This tendency could be related to
the glucose and fructose absorption decrease in small
intestine in irradiated rats, with increase in CO, produc-
tion in peripheral blood leading to an increase of hemo-
globin concentration.?*?!

Changes in hemoglobin and erythrocyte count are
also to be expected after significant damage to bone
marrow subsequent to X-irradiation, as shown in a
number of studies.?* At this respect, hematocrit values

were statistically distinguishable for groups MR and
GR with respect to controls only at 16 days. Platelet
counts have shown statistical significances for MR and
GR only for 16 days respectively to controls. Two ani-
mals from GR group showed nasal bleeding possibly
related to platelet depletion, in contrast to MR group
where no bleeding was noticed over the experimental
period. Relative counts (%) for lymphocytes (table II),
were significantly decreased for MR and GR respecti-
vely to controls for 6, 24 and 48 hours but not for 16
days. However, percent counts for monocytes and gra-
nulocytes increased at 6, 24 and 48 hours relative to
controls. When comparing the X-irradiated groups at 6
and 48 hours post-irradiation, total leukocyte count was
higher for GR than MR group (table I). However, the
much higher variability appearing in the data from GR
group indicates that some caution has to be taken when
discarding possible radioprotective effects of grape
juice. Percent lymphocyte count was higher on GR than
MR, but percent granulocyte count was higher on MR
than GR group, which suggest a real possibility of reco-
vering from damaged bone marrow, in agreement with
the proposed radioprotective effect of grape juice sup-
plementation over bone marrow. All in all, these results
point to massive bone marrow damage as a consequence
of whole-body acute X-irradiation, and further experi-
ments should be carried out at different times post-irra-
diation with direct bone marrow sampling® to clarify the
time course of these radiomodifying effects.

The evaluation of the body weight changes before
and after X-irradiation (fig. 1) showed significant dif-
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Table III
Hematological parameters obtained at 6, 24, 48 hours, and 16 days after whole-body X-irradiation
of 6 Gy in male Wistar rats

TimelGroup Erythrocyte Hemoglobin Hematocrit Platelets
(x 10°/L) (x 10°IL) (x10°/L) (x 10°/L)
MN 8.25+£0.02 17.0£0.13 46.8+0.4 735+ 18
6h MR 8.16+£0.25 17.0£0.15 47.3£0.6 707 £57
GR 8.44+0.28 17.6+£0.27 48.4+0.5 739£57
GN 8.18£0.06 17.2£0.20 47.5%0.7 730+ 74
MN 8.20+0.17 16.5+£0.39 45.0+0.6 742 £39
24h MR 7.78£0.16 15.7£0.27 43.5£0.9 681 67
GR 7.97+0.17 16.1+£0.42 443+1.2 668 £21
GN 7.98+0.12 16.5+£0.29 448+1.0 67353
MN 7.82£0.10 16.0£0.23 44.0£0.7 739 +47
48h MR 7.57+0.12 15.3 £0.24# 42.4+09 674+75
GR 8.02+0.19 16.0£0.17 44.8£0.8 553+63
GN 7.89£0.12 16.0+0.21 43.7£0.5 668 +32
MN 7.50£0.18 15.6£0.27 38.4+0.7 504 +39
16d MR 4.69 £ 0.07*# 9.6 £ 0.32%# 24.6 £ 0.8*# 66 +18%#
GR 4.25 +0.86*# 8.2 +1.91%# 21.3+4.2%# 80 +35%#
GN 7.83£0.19 16.2£0.30 40.1£1.0 494+ 16

MN (grape juice only), MR (grape juice + X-irradiation), GR (placebo + X-irradiation) and GN (placebo only).
Means * s.e.m. of 4 animals per group. Significant differences from non-irradiated groups at p < 0.05 (Newman-Keuls test) are indicated as *(MN)

and #(GN).

ferences from the irradiated grape juice group (MR) in
comparison to the placebo one, even though both pre-
sented significant body weight loss. Non-irradiated
groups showed the same growth pattern for both juice

and placebo ones. The irradiated grape juice group sho-
wed no significant deviation when compared to the
non-irradiated one. On the other hand, a significant
deviation was found in placebo group after irradiation,
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Fig. 1 —Evolution of body
weight before and after X-
irradiation.
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Table IV
Body weight and weight of selected organs (g) 16 days after whole-body X-irradiation of 6 Gy in male Wistar rats

Group Body weight Liver Spleen Kidneys Heart Hepatosomatic index
MN 331.8+£2.6 12.2+0.70 0.82+£0.02 2.19+0.09 0.93+£0.01 3.68+0.19
MR 320.2+8.7 12.3+£0.83 0.53+£0.03*# 2.07+0.08 1.06 £0.04 3.83+0.17
GR 307.9 £9.5# 9.9 +0.46*# 0.54 +£0.01%# 2.01+0.18 1.08+£0.13 3.23+£0.06*#
GN 3513115 12.3£0.45 0.75+0.03 2.29£0.08 1.03£0.01 3.50£0.02

MN (grape juice only), MR (grape juice + X-irradiation), GR (placebo + X-irradiation) and GN (placebo only).
Significant differences from non-irradiated groups at p < 0.05 (Newman-Keuls test) are indicated as *(MN) and #(GN).

where a remarkable weight loss took place. The ave-
rage body weight in the grape juice group was closer to
the non-irradiated group than placebo, indicative that
grape juice seems to protect against X-irradiation®
over total body weight loss.

Significant differences from non-irradiated groups
(table IV) were found for liver, spleen and hepatoso-
matic index, but not for heart and kidneys, suggestive
of a higher radioresistance of these latter tissues, at
least on the time window explored here. No liver
weight differences were found for MR, MN and GN
groups. However, GR showed considerable liver
weight loss in comparison to MR and all other groups.
Previous reports have shown increased liver weight 6h
after X-irradiation in rats® and abnormalities due to
small intestine X-radiation exposure, leading to chan-
ges on glycogen levels and liver function.?*?” The pre-
sent work shows that there was significant liver weight
loss after 16 days for GR group, but not for MR group,
which is suggestive of a radioprotective action of black
grape juice supplementation. The composition of the
ecologically-grown black grape juice shows a high
content of bioactive phenolic compounds such as res-
veratrol, quercetin and rutin,"” and it is tempting to link
the radiomodifying actions of black grape juice to these
chemicals. Flavonoids are known to have important
antioxidant and anti-inflammatory activities.”** Resve-
ratrol has been since long studied not only as a poten-
tial antioxidant stimulating agent* and radiomodi-
fier,>3! but also because of its anti-mutagen action, its
role in mediating anti-inflammatory effects, anti-carci-
nogenic action by the inhibition of cyclooxygenase and
hydroperoxidase activities.”? Resveratrol has also been
shown to influence the apoptotic effects of cytokines,
chemotherapeutic agents, and ionizing radiation.*
Pharmacokinetic studies of resveratrol activity revea-
led that its main target organs are liver and kidney,*
where its conversion into a sulfated form and a glucu-
ronide conjugate takes place. Nevertheless, quercetin
and rutin are per se antioxidant agents* and so might be
potentially co-responsible for the radiomodifying
effect of black grape juice we are starting to see from
this study.

It must also be commented out the voluntary nature
of black grape juice intake by rats. There was a high
individual variability, but all animals from MR and

MN groups drank at least 2 ml from a maximum allo-
wable of 10 ml. The placebo solution, on the contrary,
was more palatable, with a minimum of 8 out of 10 ml
being drank daily. The choice of ceiling for supplement
intake was made based on previous considerations of
the potential effect of black grape juice on ex vivo stu-
dies with human volunteers.* Food intake was severely
decreased by 63+4% the first day after irradiation, but
it increased thereafter, to be totally resumed 5 days
post-irradiation, without differences due to grape juice
supplementation (data not shown). Water intake incre-
ased by 49 £ 5% in all groups, X-irradiated and con-
trols, on the irradiation day, but resumed to normal the
next day onwards. This effect was attributed to the
anesthesia procedure all animals suffered.

Conclusions

The authors studied the radiomodifier effect of orga-
nic grape juice through changes of physiological and
hematological parameters in whole body X-irradiated
rats. Most of the results are in agreement to the scienti-
fic background concerning to non-irradiated groups
response and add new, albeit non conclusive, observa-
tions. Ecologically-grown grape juice seems to have a
radiomodifier effect over selected hematological para-
meters on whole body X-irradiated rats. The remarka-
ble result was the maintenance of a normal liver weight
for MR group, in comparison to GR group, which had
become 25% smaller. There is a background support
for the idea that glucose and fructose intake is able to
induce liver weight gain.” In spite of this liver weight
gain, there are many experimental data supporting the
reduction on glucose and fructose absorption by small
intestine, which could imply to reduce the amount of
sugar reaching to liver, leading to a consequent reduc-
tion on its conversion to fat. Non-conclusive effects
were found for haematological parameters in relation
to the radiomodifying effect of black grape juice
intake, albeit percent granulocyte count showed signi-
ficant increase at 48 hours post-irradiation in MR
group. The anemia and leucopenia observed at 16 days
post-irradiation are suggestive of significant damage to
bone marrow tissue. More detailed experiments must
be carried out in order to improve our understanding
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about the radiomodifying effect of ecological grape
juice over blood cells and liver function.

Acknowledgements

This work has been supported by a study-leave grant

from CAPES (Brazil) and Ministerio de Educacién y
Ciencia (Spain) through the Brazil-Spain cooperation
project PHB2007-0071-PC. Additional support from
Department of Biomedical Sciences (University of
Leén) is also acknowledged.

References

10.

11.

12.

13.

14.

Maisin JR. Bacq and Alexander award lecture chemical radio-
protection: past, present and future prospects. In J Radiat Biol
1998; 73: 443-450.

Hosseinimehr SJ. Fondation Review: Trends in the develop-
ment of radioprotective agents. Drug Discovery Today 2007,
12 (19-20): 794-805.

Khodarev NN, Kataoka Y, Murley JS, Weichselbaum RR,
Grdina DJ. Interaction Of Amifostine And Ionizing Radiation
On Transcriptional Patterns Of Apoptotic Genes Expressed In
Human Microvascular Endothelial Cells (HMEC). Int J Rad
Onc Biol Phys 2004; 60 (2): 553-563.

Mccumber LM. The Potential Influence Of Cell Protectors For
Dose Escalation In Cancer Therapy: An Nalysis Of Amifostine.
Medical Dosimetry 2004; 29 (2): 139-143.

Manzi FR, Boscolo FN, Almeida SM et al. Morphological study
of the radioprotective effect of vitamin E (dl-alpha-tocopheril) in
tissue reparation in rats. Radiol Bras 2003; 36 (6): 367-371.

Singh VK, Srinivasan V, Toles R et al. Radiation Protection by
the Antioxidant Alpha-Tocopherol Succinate, Human Factors
and Medicine Panel Research Task Group 099 “Radiation Bio-
effects and Counter-measures” meeting, held in Bethesda,
Maryland, USA, 2005.

Khalil A, Milochevitch C. Study of the antioxidant effect of a-
tocopherol on low-density lipoprotein peroxidation induced at
low and high ?-radiation dose rates, Rad Phys and Chem 2005;
72:347-353.

Ahmed RG. Damage Pattern as Function of Various Types of
Radiations Med J of Islamic World Acad of Sci 2005; 15: 135-147.
Hall EJ, Giaccia AJ. Clinical Response to Normal Tissues, In:
Radiobiology for the Radiologist 2006; chapter 19, p. 349, 6"
ed.

Walker RI, Cerveny RJ. Medical Consequences of Nuclear
Warfare. Falls Church, VA: Office of the Surgeon General,
1989.

Hall EJ, Giaccia AJ. Acute effects of total-body irradiation. In:
Hall EJ. Radiobiology for the Radiologist. 2006; chapter 8, p.
349, 6" ed.

Waselenko JK, MacVittie TJ, Blakely WF et al. Strategic
National Stockpile Radiation Working Group. Medical mana-
gement of the acute radiation syndrome: recommendations of
the Strategic National Stockpile Radiation Working Group.
Annals of Internal Medicine 2004; 140: 1037-51.

Goans RE, Holloway EC, Berger ME, Ricks RC. Early dose
assessment following severe radiation accidents. Health Phys
1997;72:513-8.

Baranov AE, Guskova AK, Nadejina NM, Nugis VY. Cher-
nobyl experience: biological indicators of exposure to ionizing
radiation. Stem Cells 1995; 13 (Supl. 1): 69-77.

Grape juice and x-irradiation in rats

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Goans RE, Holloway EC, Berger ME, Ricks RC. Early dose
assessment in criticality accidents. Health Phys 2001; 81: 446-9.
Fliedner TM, Friesecke, I, Beyrer K. Organ specific manifesta-
tions of the acute radiation syndrome, in: Medical Management
of Radiation Accidents: Manual on the Acute Radiation Syn-
drome. Oxford: British Institute of Radiology; 2001 (3): 13-38.
Carsten RE, Bachand AM, Bailey SM, Ullrich RL. Resveratrol
reduces radiation-induced chromosome aberration frequencies
in mouse bone marrow cells. Radiat Res 2008; 169 (6): 633-8.
Creager ANH, Santesmases MJS. Radiobiology in the Atomic
Age: Changing Research Practices and Policies in Comparative
Perspective, Journal of the History of Biology 2006; 39: 637-647.
Machado MM, Santos GFF, Rocha MIU, Andrade ER et al.
Phenolic Content and Antioxidant Effect of Red Grape Juices
and Wine Vinegars from Organically or Conventionally produ-
ced grapes, Food Chemistry 2009 (in press).

Hill R, Kiyasu J, Chaikoff IL. Metabolism of Glucose and Fruc-
tose in Liver of the Rat Subjected to Whole-Body X-Irradia-
tion, AmJ Physiol 1956; 187:417-421.

Farrar JT, Small MD, Bullard D, Ingelfinger FJ. Effect of Total
Body Irradiation on Absorption of Sugars From theSmall Intes-
tine. Am J Physiol 1956; 186: 549-553.

Umegaki K, Sugisawa A, Shin SJ, Yamada K, Sano M. Diffe-
rent onsets of oxidative damage to DNA and lipids in bone
marrow and liver in rats given total body irradiation. Free
Radic Biol Med 2001; 31 (9): 1066-74.

Lee TJ, Kwon HC, Kim JS, Im SK, Choi KC. The Radiation
Effect on Peripheral Blood Cell. J Korean Soc Ther Radiol
1988; 6 (2): 253-258.

Koide K, Epperly MW, Franicola D, et al. Acetylated Resvera-
trol: A New Small Molecule Radioprotector. Paper presented
at: Annual Meeting of American Society for Therapeutic Radio-
logy and Oncology (ASTRO), 2008.

Supplee H, Weinman EO, Entenman C. Enlargement of the
Liver in Sprague-Dawley Rats Following Whole-Body X-Irra-
diation. Am J Physiol 1956; 185: 583-588.

Lluch M, Ponz F. Immediate effects of x-irradiation on the
intestinal absorption of glucose and radioprotection by cystea-
mine. Rev Esp Fisiol 1966; 22 (3): 109-14.

Ord MG, Stocken LA, Biochemical Effects of Ionizing Radia-
tion. Annual Review of Nuclear Science 1959; 9: 523-552.
Gonzilez-Gallego J, Sanchez-Campos S, Tuiién MJ. Anti-
inflammatory properties of dietary flavonoids. Nutr Hosp 2007
22 (3):287-93.

Martinez-Flérez S, Gonzadlez-Gallego J, Culebras JM, Tuiion
MIJ. Los flavonoides: propiedades y acciones antioxidantes.
Nutr Hosp 2002; XVII (6): 271-278.

Dani C, Oliboni LS, Pasquali MAB et al. Intake of Purple
Grape Juice as a Hepatoprotective Agent in Wistar Rats. J Med
Food?2008; 11 (1): 127-132.

Reagan-Shaw S, Mukhtar H, Ahmad N. Resveratrol Imparts
Photoprotection of Normal Cells and Enhances the Efficacy of
Radiation Therapy in Cancer Cells, Photochemistry and Photo-
biology.2008; 84: 415-421.

Jang M, Cai L, Udeani GO, Slowing KV et al. Cancer chemo-
preventive activity of resveratrol, a natural product derived
from grapes. Science 1997; 275: 218-220.

Aggarwal BB, Bhardwaj A, Aggarwal RS et al. Role of Resve-
ratrol in Prevention and therapy of Cancer: Preclinical and Cli-
nical Studies. Anticancer Res. 2004; 24 (5A): 2783-840.

Silva J, Herrmann SM, Heuser V et al. Evaluation of the geno-
toxic effect of rutin and quercetin by comet assay and micronu-
cleus test. Food Chem Toxicol. 2002; 40 (7): 941-7.

Andrade EA, Fagundes WA, Machado MM et al. Projeto Taba-
gismo e Nutrigenética: efeito potencial radioprotector do suco
de uva orgénico (Vitis vinifera): estudo preliminar ex vivo. 23¢
Jornada Académica Integrada, UFSM, 2008.

Nutr Hosp. 2009;24(3):297-303 303



Hoorioto

Original

Nutr Hosp. 2009;24(3):304-311
ISSN 0212-1611 - CODEN NUHOEQ
S.V.R. 318

Anthropometry of height, weight, arm, wrist, abdominal circumference
and body mass index, for Bolivian Adolescents 12 to 18 years - Bolivian
adolescent percentile values from the MESA study

A.BayaBotti'*, F. J. A. Pérez-Cueto'?, P. A. Vasquez Monllor** and P. W. Kolsteren'#

!Nutrition and Child Health Unit. Department of Public Health. Prince Leopold Institute of Tropical Medicine. Antwerp. Belgium.
*Department of Agricultural Economics. Faculty of Bioscience Engineering. Ghent University. Ghent. Belgium. *Faculdade de
Engenharia dos Alimentos. Universidade de Campinas. Campinas. SP. Brasil. *‘Department of Food Safety and Food Quality.
Faculty of Bioscience Engineering. Ghent. Belgium.*Unidad de Nutricion. Direccion Nacional de Investigacion. Universidad del

Valle. Cochabamba. Bolivia.

Abstract

Anthropometry is important as clinical tool for indivi-
dual follow-up as well as for planning and health policy-
making at population level. Recent references of Bolivian
Adolescents are not available. The aim of this cross sectio-
nal study was to provide age and sex specific centile
values and charts of Body Mass Index, height, weight,
arm, wrist and abdominal circumference from Bolivian
Adolescents. Data from the MEtabolic Syndrome in Ado-
lescents (MESA) study was used. Thirty-two Bolivian
clusters from urban and rural areas were selected ran-
domly considering population proportions, 3445 school
going adolescents, 12 to 18 y, 45% males; 55% females
underwent anthropometric evaluation by trained person-
nel using standardized protocols for all interviews and
examinations. Weight, height, wrist, arm and abdominal
circumference data were collected. Body Mass Index was
calculated. Smoothed age- and gender specific 3, 5, 10*,
25, 50®, 75, 85*, 90*, 95" and 97* Bolivian adolescent
percentiles(BAP) and Charts(BAC) where derived using
LMS regression. Percentile-based reference data for the
antropometrics of for Bolivian Adolescents are presented
for the first time.

(Nutr Hosp. 2009;24:304-311)
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REFERENCIAS ANTROPOMETRICAS DE LOS
ADOLESCENTES BOLIVIANOS DE 12 A 18 ANOS:
ESTATURA, PESO, CIRCUNFERENCIA DEL
BRAZO,MUNECA, Y ABDOMINAL, INDICE
DE MASA CORPORAL. PERCENTILES DE
ADOLESCENTES BOLIVIANOS (PAB) DEL
ESTUDIO MESA

Resumen

La antropometria es una herramienta clinica impor-
tante para el seguimiento individual de los pacientes asi
como para la planificacion de politicas ptiblicas. En Boli-
via no existen referencias antropométricas nacionales
para adolescentes. El objetivo de este estudio transversal
fue de desarrollar percentiles y diagramas de crecimiento
para peso, talla, indice de masa corporal, presion arterial
sistdlica y diastdlica, circunferencia de muneca, brazo y
abdominal de adolescentes bolivianos. Los datos antropo-
métricos en el estudio MESA (Sindrome metabolico en
adolescentes bolivianos) fueron obtenidos a partir de 32
unidades muestrales, considerando proporcionalidad
muestral con reposicion. Fueron evaluados 3445 adoles-
centes de 12 a 18, 45% hombres; 55% mujeres, de cole-
gios de areas urbanas y rurales. La evaluacion fue efec-
tuada por personal entrenado siguiendo procedimientos
estandarizados. Se tomaron medidas del peso, talla cir-
cunferencias de muneca, brazo y abdominal. El indice de
masa corporal fue calculado. Se obtuvieron los valores de
los percentiles 3¢, 52, 10, 259, 502, 75°, 85%, 90, 95° y 97°
utilizando regresion por el método LMS. Las referencias
antropométricas para los adolescentes bolivianos son
presentadas por vez primera a la comunidad médica. (En
la version electronica de Nutricion Hospitalaria se puede
consultar el texto integro en castellano de este articulo).

(Nutr Hosp. 2009;24:304-311)

Palabras clave: Antropometria. Indice de Masa Corporal
(IMC). Percentiles de crecimiento. Circunferencia de la cin-
tura. Circunferencia abdominal. Talla. Peso. Adolescentes.
Bolivia.



Introduction

Anthropometric parameters and their derived indi-
ces are frequently used by physicians and health wor-
kers as a valuable instrument to determine health and
disease, to define nutritional status, to assess growth
and development, to determine differences in body
proportion between populations as well as to optimize
diagnosis and treatment.'?

Decisions for policy making and planning in public
health nutrition must be based on anthropometric accu-
rate information about the population for which it is
intended to be used. Since little is known regarding
anthropometry of Bolivian adolescents,* and no natio-
nal reference percentiles or charts have been develo-
ped, international references’” have been used syste-
matically for growth monitoring and nutritional
classification of individuals.

Previous studies in La Paz, and from other regions of
Bolivia**'” confirmed the need for updated information
to address the nutritional status of adolescents in Boli-
via. The country faces nutritional transition and adoles-
cents are among the most vulnerable group to its
impact. Increased numbers of overweight and obese
adolescents has been described recently.* For the Boli-
vian health system, having access to local growth refe-
rences and clinical evaluation parameters for adoles-
cents is urgent and crucial to measure trends in
nutritional status and to develop concurrent policies.

Local anthropometric references are indispensable
to perform high-quality clinical practices. Health care
providers base their diagnosis on percentile values to
decide extent of a problem and level of treatment. This
is particularly true for predicting and assessing risk for
cardiovascular diseases and metabolic syndrome,
which uses among other factors, percentile values of
Body Mass Index (BMI), abdominal circumference
and blood pressure. For the assessment of high blood
pressure percentiles of height is required for adoles-
cents. The use of heights derived from other popula-
tions could induce to diagnosis error.

For nutritional intervention programs local popula-
tion percentile values could help to portrait future risk
associated to nutritional transition outcomes, and ini-
tiate activities to reduce morbidity and mortality rates
associated with risk factors for chronic diseases, such
as hyperlipidaemia, hyperinsulinaemia, hypertension,
and early atheroesclerosis in adulthood.®!"""* Treatment
of diet related diseases depletes the Bolivian limited
health budget resources. Therefore interventions based
in early detection and correct targeting of populations
at risk is likely to reduce future expenditures.

In 2005 a national study called the MEtabolic Syn-
drome in Adolescents (MESA) was carried out to
assess the cardiovascular and metabolic syndrome of
Bolivian adolescents in relation to obesity, diabetes,
income, food intake and physical activity in Bolivia.
The first component of the MESA study was to docu-
ment references of anthropometric parameters needed

to measure risk. This document provide age and sex
specific percentile values and charts of BMI, height,
weight, arm, and wrist and waist circumference from
Bolivian adolescents.

Methods

Sample size was estimated using Epi info v 3 Soft-
ware assuming a prevalence of 2.5% obesity, at 95%
confidence level. A total of 32 clusters proportional to
population size, with replacement from the national list
of Counties were selected randomly. A cluster was
defined as a school. Schools were chosen from the
corresponding Education District’s list of the County.
Individuals were chosen from the school register. The
sample size calculated for each school was 120 sub-
jects, about 20 per grade from 7" to 12" grade. Data was
collected from September 2005 to June 2007.

The random selection ensured that the Bolivian
population from the Andean highlands, valleys and tro-
pics were appropriately represented. Rural, semi-urban
and urban settings were also represented in the sample.
The study protocol was approved by the ethics commit-
tee of the Universidad del Valle and the Bolivian
Ministry of Education. Ethical procedures comply with
the Helsinki declaration of 1975 reviewed in 2000."
Informed consent was obtained from all participants,
and a parent or legal guardian.

Adolescents completed a self administered ques-
tionnaire on sociodemographic, nutritional intake and
physical activity aspects. A date for a school visit was
scheduled for data collection.

Weight, height, wrist, arm and abdominal circumfe-
rence were recorded twice for each individual by trai-
ned personnel following WHO’s recommendations.!
Average values were used for the analysis. Weight was
recorded in light, indoor clothing with a Beurer’s digi-
tal scale to the nearest 0.1 kg, height was measured wit-
hout shoes to the nearest 0.1 cm using a portable metal
stadiometer. Abdominal circumference was measured
to the nearest 0.1 cm at the high point of the iliac crest
at minimal respiration when the participant was in a
standing position, using a steel measuring tape follo-
wing WHO recommendations.' Pregnant adolescents
were excluded.

For each participant of all locations, the same equip-
ment was used for the anthropometric measurements.
All evaluations were carried out from eight to eleven in
the morning. Data quality was assured by previous
extensive training of the medical assistants.

BMI was calculated applying the standard formula:
Weight in kilograms divided by the square of height.

For comparability with other studies, the 3, 5, 10*,
25m 50m, 75, 85®, 90™, 95" and 97" percentiles were
chosen as reference values. Smoothed age- and gender
specific values and charts for each percentile value and
for each anthropometric index where derived using the
least median squares (LMS) regression. The Cole’s

Anthropometric references for Bolivian
adolescents
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Table I

Anthropometric characteristics of the sample by age: Mean (SD)

Boys Girls
B Weight Height BMI Weight Height BMI

Age n= 3,445 n (kg) (cm) (kg/nf) n (kg) (cm) (kg/mz)

12 342 172 43.8(9.93) 147.6 (8.7) 199(3.4) 170 44494 149.1(7.4) 19.8(3.2)
13 435 221 47.4(9.98) 153.7(8.2) 199(3.2) 214 47.6(7.8) 152.1(7.9) 20.6(3.1)
14 486 221 52.6(10.0) 160.9 (8.0) 20.3(2.9) 265 51(8.4) 153.3(5.7) 21.7(3.3)
15 621 267 55.0(10.0) 163.0(6.7) 20.7(3.0) 354 52.7(1.3) 154.7(5.8) 22.0(2.9)
16 717 306 57.5(7.9) 165.2(6.7) 21(24) 411 54.0(8.2) 154.3(6.2) 22.6(3.0)
17 561 220 58.6(2.8) 165.5(6.8) 21.4(2.8) 341 54.5(8.7) 154.9(6.1) 22.7(3.4)
18 283 144 60.3(8.5) 166.6 (6.0) 21.7(2.7) 139 56.8(9.4) 155.4(6.5) 234(34)

LMS method' also called maximum penalized like-
lihood approach was used because it has proven to be a
powerful and compact technique for deriving and pre-
senting reference charts. It calculates the Box-Cox
power needed to transform the data to normality at each
age, and displaying the results as a smooth curve of
power plotted against age allowing the original centiles
to be reconstructed to high accuracy. The LMS Pro
software used for data management was obtained from
the institute of Child Health, London. Descriptive sta-
tistics were computed using SPSS v 12 and graphs and
charts from LMSChartMaker 2006.

Results

Data was collected on 3,445 adolescents, 1,551 boys
and 1,894 girls, from rural (34.8%) and urban areas
(65.2%), and from public (76.4%) and private (23.6%)
schools. Although 4,013 adolescents were selected ini-

tially to participate on the study, 3,445 finally partici-
pated in the study. Adolescents dropped out of the
study due to refusal of parental consent, failure to
attend the day of data collection, failure to fill the birth
date or name, failure to return the questionnaire or fai-
lure to have their anthropometric data taken or comple-
ted. Characteristics of the population sample by age are
presented in table I.

Table II to VII shows smoothed percentile values
respectively for BMI, height, weight, abdominal, arm
and wrist circumference by age- and gender.

Figures 1 to 12 show the smoothed charts for each
anthropometric parameter in order to be available for
practical clinical application.

Conclusion

Smoothed age- and gender specific 3, 5®, 10", 25",
50, 75" 85™ 90®, 95t and 97" Bolivian adolescent per-

Table IT
Body Mass Index (BMI) percentile values for Bolivian adolescents 12" to 18" years, by age and gender

Percentile 30 50 10" 250 507 750 85" 90" 95" 970

Age

Girls
12 14.9 15.3 16.1 17.5 19.3 21.5 22.8 23.8 254 26.5
13 15.9 16.4 17.1 18.5 20.3 224 23.8 24.7 26.3 27.5
14 16.9 17.3 18.0 19.4 21.1 23.2 24.5 25.5 27.1 28.3
15 17.6 18.0 18.7 20.0 21.7 23.8 25.1 26.1 27.7 28.9
16 18.0 184 19.1 20.4 22.1 24.2 25.5 26.5 28.2 294
17 18.3 18.7 194 20.6 224 24.5 25.9 27.0 28.8 30.1
18 18.5 18.9 19.6 20.9 22.7 24.9 26.4 27.5 294 30.9

Boys
12 15.1 154 16.1 17.3 19.1 21.3 22.7 23.9 25.9 27.5
13 15.6 16.0 16.6 17.8 19.5 21.6 22.9 24.0 25.8 27.1
14 16.1 16.5 17.1 18.3 19.9 21.8 23.1 24.0 25.7 26.9
15 16.7 17.0 17.6 18.8 20.3 22.1 23.3 24.2 25.6 26.7
16 17.1 17.5 18.1 19.2 20.7 22.5 23.6 24.4 25.8 26.8
17 17.5 17.8 18.4 19.6 21.0 22.8 23.9 24.7 26.1 27.0
18 17.7 18.1 18.7 19.8 21.3 23.1 24.2 25.1 26.4 27.4
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Table I1I
Height percentile values (m) for Bolivian adolescents 12" to 18" years by age and gender

Percentile 3 S 10" 250 50" 75 85 90" 95 97

Age

Girls
12 1.35 1.37 1.40 1.44 1.49 1.54 1.56 1.58 1.61 1.63
13 1.40 1.41 143 1.47 1.52 1.56 1.59 1.60 1.63 1.65
14 1.42 1.44 1.46 1.49 1.53 1.58 1.60 1.61 1.64 1.65
15 1.43 1.45 1.47 1.50 1.54 1.58 1.61 1.62 1.64 1.66
16 1.44 1.45 1.47 1.51 1.55 1.59 1.61 1.62 1.65 1.66
17 1.44 1.45 1.47 1.51 1.55 1.59 1.61 1.63 1.65 1.67
18 1.44 1.45 1.47 1.51 1.55 1.60 1.62 1.63 1.66 1.67

Boys
12 1.33 1.35 1.38 143 1.48 1.54 1.57 1.59 1.59 1.65
13 1.40 1.41 1.44 1.49 1.55 1.60 1.63 1.65 1.65 1.70
14 1.45 1.47 1.50 1.55 1.60 1.65 1.68 1.70 1.70 1.75
15 1.50 1.51 1.54 1.58 1.63 1.68 1.71 1.72 1.72 1.77
16 1.52 1.54 1.56 1.60 1.65 1.69 1.72 1.74 1.74 1.78
17 1.54 1.55 1.58 1.62 1.66 1.70 1.73 1.74 1.74 1.78
18 1.55 1.57 1.59 1.63 1.67 1.71 1.73 1.74 1.74 1.78

Table IV
Weight percentile values (kg) for Bolivian adolescents 12" to 18" years by age and gender

Percentile 3 S5 10" 25 50" 75 85" 90" 95 97

Age

Girls
12 30.8 32.0 34.0 37.8 42.7 48.6 52.2 54.9 59.3 62.4
13 35.2 36.4 38.3 42.0 46.8 52.5 56.1 58.7 63.1 66.1
14 38.6 39.7 41.6 45.1 49.7 553 58.8 61.4 65.6 68.6
15 40.9 42.0 43.8 47.2 51.7 57.1 60.5 63.1 67.2 70.3
16 42.1 432 45.0 48.3 52.8 58.2 61.7 64.3 68.6 71.7
17 42.8 439 45.7 49.0 53.5 59.1 62.7 65.5 70.1 73.5
18 434 444 46.2 49.6 54.2 60.0 63.9 66.8 71.8 75.6

Boys
12 28.7 30.0 323 36.6 422 49.1 53.3 56.5 61.6 65.3
13 332 34.6 36.8 41.1 46.7 53.6 57.9 61.2 66.5 70.3
14 37.6 38.9 41.1 453 50.8 57.5 61.7 64.9 70.2 74.0
15 41.4 42.6 44.7 48.6 53.8 60.2 64.2 67.2 72.1 75.8
16 44.4 45.6 47.6 51.3 56.1 62.0 65.7 68.5 73.1 76.4
17 46.6 47.7 49.6 53.1 57.7 63.3 66.8 69.4 73.7 76.9
18 48.4 49.5 51.3 54.6 59.0 64.3 67.6 70.1 74.2 77.3

centiles(BAP) and Charts(BAC) for the anthropome-
tric parameters of height, weight, arm, wrist, and abdo-
minal circumference and body mass index for Bolivian
Adolescents 12 to 18y were developed.

The data of the sample distribution resembles the
population distribution of the country. As stated in the
2007 projection of the 2001 National Census'”!* the
urban and rural population is estimated respectively at
65.4% and 34.6%. The study was carried out with
school attending adolescents missing the ones that do
not attend it, thus no claim can be made for complete
representativeness. However there is no indication that

anthropometric values of this group could vary due to
genetic factors from the adolescents that have partici-
pated in the study. This factor may on the other hand
have reduced data collection from a more vulnerable
adolescent population that may have suffered more
from infection or disease two elements that can negati-
vely affect malnutrition and growth.

Anthropometry provides the single most convenient,
universally applicable, inexpensive and non-invasive
technique for assessing size, proportions and composition
of the human body. It reflects both health and nutritional
status and predicts performance, health and survival.'

Anthropometric references for Bolivian
adolescents
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Table V
Abdominal circumference percentile values (cm) for Bolivian adolescents 12" to 18" years by age and gender

Percentile 3 S 10" 25™ 50" 75 85 90" 95 97

Age

Girls
12 57.7 58.8 60.6 64.0 68.3 73.5 76.7 79.1 83.0 85.9
13 60.0 61.1 62.9 66.3 70.7 75.8 79.1 81.4 85.3 88.1
14 61.7 62.9 64.7 68.1 72.5 77.8 81.0 83.4 87.3 90.1
15 63.0 64.1 66.0 69.4 73.9 79.2 82.4 84.9 88.8 91.7
16 63.7 64.9 66.7 70.3 74.8 80.2 83.5 86.0 90.1 93.0
17 64.0 65.2 67.1 70.7 754 81.0 84.5 87.0 91.3 94.4
18 64.3 65.5 67.5 71.2 76.0 81.8 85.4 88.1 92.6 95.9

Boys
12 57.7 58.8 60.6 64.0 68.7 74.7 78.6 81.7 87.0 91.1
13 60.5 61.5 63.2 66.4 70.7 76.2 79.9 82.7 87.7 91.5
14 63.1 64.0 65.6 68.5 72.5 77.6 80.9 83.5 88.1 91.6
15 65.2 66.1 67.5 70.3 74.0 78.6 81.7 84.1 88.2 91.3
16 66.7 67.5 68.9 71.5 75.0 79.4 82.2 84.5 88.3 91.3
17 67.5 68.3 69.7 72.2 75.6 79.8 82.6 84.8 88.6 91.6
18 68.2 69.0 70.3 72.7 76.1 80.3 83.1 85.3 89.1 92.1

Table VI
Arm circumference percentile values (cm) for Bolivian adolescents 12" to 18" years by age and gender

Percentile 3 S 10" 25™ 50" 75 85" 90" 95 97

Age

Girls
12 18.2 18.6 19.3 20.6 222 24.1 253 26.1 27.5 28.4
13 19.1 19.5 20.2 21.4 23.0 24.8 26.0 26.8 28.2 29.1
14 19.9 20.3 20.9 22.1 23.6 254 26.5 274 28.7 29.7
15 20.4 20.8 214 22.6 24.0 25.8 26.9 27.7 29.0 30.0
16 20.7 21.1 21.7 22.8 243 26.0 27.1 28.0 29.3 30.3
17 20.9 21.3 21.9 23.0 244 26.2 274 28.2 29.7 30.8
18 21.1 21.5 22.1 23.2 24.7 26.5 27.7 28.6 30.1 313

Boys
12 17.9 18.3 19.0 20.2 21.8 23.8 25.0 26.0 27.5 28.6
13 18.7 19.2 19.8 21.1 22.7 24.6 25.7 26.6 28.0 28.9
14 19.5 19.9 20.6 21.8 234 252 26.3 27.1 28.3 29.2
15 20.1 20.5 21.2 224 24.0 25.7 26.7 27.4 28.6 29.4
16 20.7 21.1 21.8 23.0 24.5 26.2 27.2 27.9 29.0 29.7
17 21.1 21.5 222 23.5 25.1 26.7 27.7 28.4 29.5 30.2
18 21.5 22.0 22.7 24.0 25.6 27.3 28.3 29.0 30.1 30.8

For adolescents it is also useful to determine biologi-
cal maturity and health risks. To the knowledge of the
authors, this is the largest anthropometric survey
carried out in Bolivia, providing nationally representa-
tive data. Bolivian health providers have for the first
time locally developed anthropometric tables and
charts at their disposal, to assess the nutritional status
of Bolivian adolescents 12 to 18 y which can also to be
used for other clinical applications.

Several characteristics make this tool valuable and
reliable: they came from a large set of data, in which all
the 327 Counties of Bolivia had similar opportunity to
be selected, rural and urban areas were represented at

the same level of distribution as the general population,
all ages and gender of adolescents from 12 to 18" year
were assessed in the same study, following a standard
protocol, using the same equipment and carried out by
the same research team.

It is important to mention that percentile values and
charts came from a descriptive study that portraits the
present situation of adolescents, and does not claim to
be a standard that describes a population that followed
healthy recommendations for all parameters that could
affect normal growth and body composition, or a popu-
lation that have developed its full genetic potential.
Values and charts must be used for this reason with
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Table VII
Wrist percentile values (cm) for Bolivian adolescents 12" to 18" years by age and gender

Percentile 3 S 10" 250 50" 75 85 90" 95 97
Age
Girls
12 13.0 13.3 13.6 14.3 15.0 15.8 16.2 16.5 17.0 17.3
13 134 13.6 14.0 14.6 15.3 16.0 16.4 16.7 17.1 17.4
14 13.7 13.9 14.2 14.8 15.5 16.2 16.6 16.8 17.3 17.5
15 13.9 14.1 14.4 14.9 15.6 16.2 16.6 16.9 17.3 17.6
16 13.9 14.1 14.4 14.9 15.6 16.3 16.7 17.0 17.4 17.7
17 13.9 14.1 14.4 14.9 15.6 16.3 16.8 17.1 17.5 17.8
18 13.8 14.1 14.4 15.0 15.7 16.4 16.9 17.2 17.7 18.1
Boys
12 13.1 13.4 13.8 14.4 15.2 16.1 16.6 17.0 17.5 17.9
13 13.6 139 14.2 14.9 15.7 16.5 17.0 17.3 17.8 18.1
14 14.0 14.3 14.7 15.3 16.0 16.8 17.2 17.5 18.0 18.3
15 14.3 14.6 14.9 15.5 16.2 16.9 17.3 17.6 18.0 18.3
16 14.6 14.8 15.1 15.7 16.4 17.1 17.4 17.7 18.1 18.3
17 14.7 14.9 15.3 15.9 16.5 17.2 17.6 17.8 18.2 18.4
18 14.8 15.0 15.4 16.0 16.7 17.3 17.7 17.9 18.3 18.5
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Fig. 1 —Height curves for the 3%, 5", 10", 25% 50", 75", 85", Fig. 3—Weight curves for the 3, 5", 10", 25", 50", 75%, 85",
90", 95" and 97" percentile of Bolivian girls 12"-18t" years. 90™, 95" and 97" percentile of Bolivian girls 12"-18t" years.
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90", 95™ and 97" percentile of Bolivian boys 12"-18t" years. 90", 95" and 97" percentile of Bolivian boys 12"-18t" years.
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Fig.5—Body Mass Index (BMI) curves for the 3, 5", 10", 25%,
50m, 75, 85" 90™, 95" and 97" percentile of Bolivian girls 12"-
181" years.

Fig. 8—Abdominal circumference curves for the 3. 5. 10™.
25" 50", 75%. 85™, 90™". 95" and 97" percentile of Bolivian girls
12%-181" years.
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Fig. 6—Body Mass Index (BMI) curves for the 37, 5", 10", 25",
50m, 75, 85" 90™, 95" and 97" percentile of Bolivian boys 12-
18" years.

Fig. 9—Arm circumference curves for the 3, 5", 10", 25", 50",
75%, 85™, 90*, 95" and 97" percentile of Bolivian girls 12"-18t"
years.
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Fig. 7—Abdominal circumference curves for the 3%, 5", 10",
25, 50", 75%, 85™, 90", 95" and 97" percentile of Bolivian girls
12-18¢" years.

caution by the medical community. Once an internatio-
nal or a national reference that considers these aspects
is developed, the BAP must be replaced by it.

Fig. 10 —Arm circumference curves for the 37, 5", 10", 25",
507, 75% 85™, 90", 95" and 97" percentile of Bolivian boys 12"-
181" years.

Clearly there will be quantitative and qualitative
dimensions to consider with the introduction of the
newly developed Bolivian Adolescent Percentiles
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Bolivian girls wrist circumference, 12-18 years Bolivian boys wrist circumference, 12-18 years
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Fig. 11—Wrist circumference curves for the 37, 5", 10", 25", Fig. 12—Wrist circumference curves for the 3+, 5", 10", 25"

50m, 75, 85" 90", 95" and 97" percentile of Bolivian girls 12-
18t" years.

(BAP) Reference in replacement of the CDC or other
international available references such as the IOTF.
There is a need to compare the performance of these
different References in their ability to classify indivi-
duals according to their nutritional status or to diagnose
the risk of chronic disease in this population.

It may be that the criteria to identify adolescents at
risk of overweight or a biochemical imbalance needs to
be revised when differences are observed in sensitivity
and specificity between the different references for a
variety of outcome parameters.
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Abstract

Introduction: Sepsis is one of the main causes of mortality
in patients in Intensive Care Units. As a result of the syste-
mic inflammatory response and of the decrease of the aero-
bic metabolism in sepsis, the oxidative stress occurs. Vita-
min A is recognized by the favorable effect that it exerts on
the immune response to infections and antioxidant action.

Objetive: To bring new elements for reviewing of the
nutritional support addressed to critically ill patients
with sepsis, with emphasis to vitamin A.

Methods: Critically ill patients with sepsis had circula-
ting concentrations of retinol, 3-carotene, thiobarbituric
acid-reactive substances (TBARS) and C-reactive protein
(CRP) measured in Medicosurgical Intensive Care Unit in
the city of Rio de Janeiro, Brazil. The patients were divided
into two groups: patients who were receiving nutritional
support and those without support. At the act of the
patient’s admission, APACHE II score was calculated.

Results: 46 patients were studied (with diet n = 24 and
without diet n = 22). Reduced levels of retinol and -caro-
tene were found in 65.2% and 73.9 % of the patients, respec-
tively. Among the patients who presented lower concentra-
tions of CRP it was found higher B-carotene inadequacy
(64.8%) and 50% of retinol inadequacy. There was no sig-
nificant difference as regards retinol, TBARS and APA-
CHE 11 levels among the patients with and without nutritio-
nal support. However, higher levels of CRP (p = 0.001) and
lower levels of serum [B-carotene (p = 0.047) were found in
patients without nutritional support.

Conclusions: Septic patients presented an important
inadequacy of retinol and B-carotene. The present study
bring elements to the elaboration/review of the nutritio-
nal protocol directed to the group studied, especially as
regards vitamin A intake.

(Nutr Hosp. 2009;24:312-317)
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CONCENTRACIONES SERICAS DE VITAMINA A
Y ESTRES OXIDATIVO EN PACIENTES CRITICOS
CON SEPSIS

Resumen

Introduccion: La sepsis es una de las principales causas
de mortalidad en pacientes en las Unidades de Cuidados
Intensivos. Como consecuencia de la respuesta inflamato-
ria sistémica y de la disminucion del metabolismo aeré-
bico en la sepsis se produce estrés oxidativo. La vitamina
A es reconocida por el efecto favorable que ejerce sobre la
respuesta inmunitaria a las infecciones y por su accion
antioxidante.

Objetivo: Aportar nuevos elementos a la hora de revi-
sar el soporte nutricional de los pacientes criticos con sep-
sis, con un énfasis sobre la vitamina A.

Meétodos: Se midieron las concentraciones circulantes
de retinol, B-caroteno, acido tiobarbitirico-sustancias
reactivas (ATBSR) y proteina C reactiva (PCR) de
pacientes criticos con sepsis en la Unidad de Cuidados
Intensivos Medicoquirurgica de la ciudad de Rio de
Janeiro, Brasil. Se dividi6 a los pacientes en dos grupos:
pacientes que recibian soporte nutricional y aquellos que
no. Se calculd la puntuacion APACHE en el momento de
su ingreso.

Resultados: Se estudiaron 46 pacientes (con dieta n = 24
y sin dieta n = 22). Se hallaron concentraciones disminui-
das de retinol y B-caroteno en el 65,2% y 73,9% de los
pacientes, respectivamente. De entre los pacientes que
presentaron las menores concentraciones de PCR, se
hall6 una mayor inadecuacion de 3-caroteno (64,8%) y
un 50% de inadecuacion de retinol. No hubo diferencias
significativas con respecto al retinol, ATBSR y las pun-
tuaciones APACHE II entre los pacientes con y sin
soporte nutricional. Sin embargo, se hallaron mayores
concentraciones de PCR (p = 0,001) y menores concentra-
ciones séricas de -caroteno (p = 0,047) en los pacientes
sin soporte nutricional.

Conclusiones: Los pacientes sépticos presentaron una
inadecuacion importante de retinol y -caroteno. El pre-
sente estudio aporta elementos a la elaboracion/revision
del protocolo nutricional dirigido al grupo estudiado,
especialmente con respecto de la toma de vitamina A.

(Nutr Hosp. 2009;24:312-317)

Palabras clave: Sepsis. Retinol. B-caroteno. Vitamina A.
Estrés oxidativo. Atencion critica. Proteina C reactiva.



Introduction

The survival of critical patients depends on a com-
plex and careful immune response through all organic
systems. Generally, the immune response dysfunction
is present in two different ways: excessive perfor-
mance of the cellular immune response that is clini-
cally manifested as Systemic Inflammatory Response
Syndrome (SIRS) and reduction of the immune res-
ponse, leading to a significant increase in susceptibility
to infections that result in sepsis.'

Sepsis, which may be considered as SIRS face to an
infectious stimulus, is one of the main causes of morta-
lity in patients in Intensive Care Units (ICUs), despite
improvements in supportive and antimicrobial thera-
pies.? It is characterized by multiple manifestations
which can determine dysfunction or failure of one or
more organs, or even death.’ Mortality rate for severe
sepsis varies between 30-50% in critical patients,' and
it is the cause of around 2% of hospital admissions.*
Mean sepsis incidence is 50-95 cases for every 100,000
patients and has been rising around 9% every year.*

As a result of systemic inflammatory response and
decrease in aerobic metabolism in sepsis, oxidative
stress occurs in extracellular and in intracellular spa-
ces.” Oxidative stress has been implicated in human
diseases by a growing body of scientific evidences,*
and it may be defined as the situation where an increase
of the physiological levels of the reactive oxygen spe-
cies (ROS) occurs, resulting either from the decrease of
antioxidant defense levels or from high production of
ROS.” Oxidative stress is capable of causing lipid pero-
xidation of cellular membranes. Lipid peroxidation is a
complex process, whereby polyunsaturated fatty acids
of cellular membranes undergo reaction with oxygen to
yield lipid hydroperoxides. The generation of products
of lipid peroxidation after oxidative stress may be mea-
sured in the form of TBARS (thiobarbituric acid-reac-
tive substances), where malondialdhyde stands out.*

Acute severe pathological conditions such as sepsis
are associated with the increase of ROS production and
other species of radicals with a consequent oxidative
stress that will be able to exacerbate organic injury.'

Alterations in concentrations of some plasmatic pro-
teins occur in critical patients such as C-reactive pro-
tein (CRP) increased production by the liver. CRP is
one of the main proteins of the acute phase that has
been utilized as a precocious and sensitive biomarker
of the response to infectious or inflammatory proces-
ses, and it may increase from 19 to 100 times in the first
12 hours after aggression.’

The potential toxicity of ROS may becounteracted
by antioxidants.'*!" Antioxidants may be defined as any
substance that when present in low concentrations,
compared to those of oxidable substrates, significantly
postpones or inhibits the oxidation of these substrates.'

Antioxidant systems include glutathione, vitamins (A,
C and E) and several enzymes."* Previous studies have
demonstrated that, in sepsis, an increase in the levels of

oxidative stress and a decrease in the circulating concen-
tration of antioxidant components of the defense system
occur, including vitamins C, E, A and beta-carotene.?
Antioxidant concentrations seem to increase the quantity
of the immune system cells when compared to other
cells."* Vitamin A stands out, since the favorable effect it
exerts on immune response to infections is recognized.

Vitamin A participates in several primordial func-
tions in human systems playing a role in visual acuity,
cellular proliferation and differentiation, antioxidant
action and immunological activity. The term vitamin
A embodies the terminologies retinol and carote-
noids, which are, respectively, the pre-formed vita-
min and its precursors. Among these, -carotene is
recognized as the most potent retinol precursor.” As
much its biologically active form, as its provitamin
forms, have gained prominence for their role against
ROS, protecting the organism against oxidative stress
and, consequently, preventing damages and tissue
lesions.'® Retinol possesses antioxidant activity as it
associates with peroxil radicals before these are able
to propagate peroxidation to the cellular lipid compo-
nent and to generate hydroperoxides. As regards caro-
tenoids, they neutralize peroxil radicals and singlet
oxygen."” B-carotene has an antioxidant activity five
times higher than retinol."

In view of this context, the present study aimed to
assess the serum concentrations of retinol, B-carotene
and oxidative stress and their relationship to CRP in
septic patients hospitalized in ICU as a means of brin-
ging new elements to the review of the nutritional sup-
port addressed to this group, with emphasis on the
intake of vitamin A.

Materials and methods

The present study was conducted in Medicosurgical
Intensive Care Unit in the city of Rio de Janeiro, Brazil.
The study was approved by the Research Ethics Com-
mittee of Hospital Universitdrio Clementino Fraga
Filho/ Universidade Federal do Rio de Janeiro (under
the n.174/05). Informed consent was obtained from the
patients’ relatives.

All the adult patients hospitalized with sepsis diagno-
sis according to the International Sepsis Definitions
Conference' were included in the study from January
through December 2006. Patients who had chronic renal
insufficiency, liver cirrhosis, and pregnant women, as
well patients in immediate postoperative period and with
parenteral nutritional support, were excluded.

At the time of enrollment in the study, patients were
divided into two groups at random: patients who were
receiving enteral nutritional support and those without
support. According to hospital routine, the patients
with nutritional support received hypercaloric enteral
diet (1.5 kcal/ml) and hyperproteic diet (18 £ 2% of
protein/day), and medical supplement (containing
5,000 IU/day of vitamin A).

Vitamin A and oxidative stress in sepsis
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At the act of the patient’s admission, APACHE II
score was calculated' and the following biochemical
assessments were conducted:

* Vitamin A: Plasma retinol and B-carotene were
determined by high performance liquid chromato-
graphy (HPLC).* Levels of serum retinol were pre-
sented by interval classes of 0.35 umol/L (or 10
wg/dl) to allow its classification according to the
recommendations of the World Health Organiza-
tion.” This enables to detect the groups with values
of severe deficiency (< 0.35 umol/L or < 10 pg/dl),
moderate marginal (0.35 umol/L <0.70 umol/L or
10 pg/dl < 20 pg/dl) and doubtful values (0.70
pumol/L < 1.05 umol/L or 20 pg/dl < 30 pg/dl). The
cutoff utilized to indicating inadequacy of serum
values of B-carotene was £ 40 [Lg/dL, as suggested
by Sauberlich et al.2

* Oxidative Stress: Thiobarbituric acid-reactive
substances (TBARS) were measured by the met-
hod described by Ohkawa et al.*

e C-Reactive Protein (CRP): It was assessed
through the method of nephelometry.

Statistical Analysis

Measures of central tendency and dispersion were
calculated. Pearson and Spearman correlations were
performed according to each variable behavior, adop-
ting as strong correlation values higher than 0.6, and
regular correlation from 0.3 to 0.6. Student “t” and
Mann-Whitney tests were applied for comparison of
continuous variables. To assessing association bet-
ween categorical variables, Chi-square (C?) was
applied. The significance level of 5% of probability
(P <0.05) was adopted. Statistical analysis was perfor-
med through the statistical program SPSS for Windows
(version 13; SPSS INC., Chicago, IL, USA).

Results

Forty-six individuals were studied. In the act of
enrollment in this study, it was observed that 52.2%
(n = 24) of the patients received enteral diet, whereas
47.8% (n = 22) were without nutritional support. The
collection of the patients with nutritional support occu-
rred between Day 2 and Day 4 after they received the
diet and the supplement (the patients had received the
90 to 100% their nutritional needs and regarding the
supplement of vitamin A, the dose was full from the
entrance of the patient). Among those who were wit-
hout nutritional support, the time ranged from 24 to 72
hours. There was no report of diarrhea in any of the
patients enrolled.

The general characteristics are shown in table I.

As regards the serum concentrations of retinol, it
was observed that 39.1% of the patients (n = 18) pre-

Table I
General characteristics

Nutritional Without
support support
n 24 22
Age (years) £ SD 64.2+19.9 65.3£19.2
Sex (M/F) 8/16 12/10
APACHEII £ SD 15.6%3.1 16.7£5.9
Predicted Mortality (%) 25 25

SD: standard deviation; M: male; F: female; APACHE II: Acute
Physiology and Chronic Health Evaluation II

sented severe deficiency, 15.2% (n = 7) marginal defi-
ciency, 10.9% (n = 5) doubtful values, and 34.8% (n =
16) presented normal concentrations (>1.05 pmol/L).
As regards B-carotene, it was observed an inadequacy
of 73.9% (n=34).

It was observed that the inadequacy of retinol and b-
carotene was more frequent (77% ; n =23 and 74%; n=
25, respectively) in patients with higher circulating
levels of TBARS (allocated in the 50* and 75" quarti-
les), however no statistical significance was presented
(p=0.58 and p=10.39, respectively).

It was not found a relationship among the continuous
variables studied, except as regards age and APACHE
II score which were positive and significantly correla-
ted (p=0.009 and r=0.381).

Patients with adequate retinol presented high fre-
quency of inadequate B-carotene (62.5%), even wit-
hout statistical significance (p = 0.29).

Among the patients who presented lower concentra-
tions of CRP (allocated in the 25" quartile) it was found
a higher B-carotene inadequacy (64.8%) and 50% of
retinol inadequacy.

Mean offer of vitamin A was 8,622 + 4,090 1U/day,
corresponding to 288% of the value of the recommen-
ded daily dietary intake (DRI)* (fig. 1).

Proportion of serum inadequacy of retinol in the
groups with and without diet was 54% (n = 13) and
77% (n = 17), respectively, 62.5% (n = 15) of B-caro-
tene in the group with diet, and 86% (n = 19) in the
group without diet.

There was no significant difference between the
groups with and without diet as regards the mean serum
retinol concentrations, TBARS and APACHE II score,
differently from what occurred as regards serum con-
centrations of -carotene and of CRP (table II).

Discussion

The present study conducted an assessment of the
nutritional status of vitamin A and oxidative stress in
individuals admitted in ICU with sepsis, aiming to con-
tribute to the review of the nutritional support addressed
to this group, with emphasis on the intake of vitamin A.
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Fig. 1 —Mean offer of vitamin A of sep-

tic patients and recommended dietary

One of the factors which may lead to vitamin A defi-
ciency (VAD) is the frequency of infectious episodes.
Nowadays it is known that even subclinical VAD
(when Xerophthalmia signs are absent) intensifies the
severity of infirmities and of several infectious proces-
ses, and it may provoke immunodeficiency status of an
exclusively nutritional origin®' added to a higher meta-
bolic utilization of vitamin A against oxidative stress to
which individuals with infectious processes are more

exposed to.!

In the group studied, besides the high prevalence of
deficiency of retinol and B-carotene found, it was obser-
ved evidences of lipid peroxidation associated with high
CRP, which jeopardizes the clinical condition of the sep-

tic patients assessed in a more intense way.

The hypercatabolic status derived from the septic
status increases the demand of antioxidant vitamins as
vitamin A. Low organic levels of this vitamin may con-
tribute to sepsis aggravation, mainly when other condi-
tions of risk are added as, for example, advanced age.’

In the present study an association of APACHE II
score was found with age, which could possibly be
explained by the fact that the referred score attributes a

intake” (*p < 0.05).

higher score according to increase of age. Aging may
be related to an infectious status aggravation by com-
promising organ functions, and by all consequences
that normally accompany this process.?

In the present study, it was observed high mean
values of CRP compatible with the inflammatory sys-
temic response and existence of infectious process.
This finding corroborates others presented by Andriolo
et al’ who observed similar levels of this marker (146.1
mg/L) in the serum of septic patients who evolved to
death. The same was pointed out by Castelli et al*® who
assessed the serum concentrations of CRP in patients
with SIRS, sepsis and trauma, finding a mean of 150
mg/L of CRP in the group of septic patients.

A statistical difference (p = 0.001) was observed
when the mean serum concentrations of CRP of the
groups with and without diet were compared. Concen-
trations of CRP significantly higher in the group wit-
hout diet may be related to the very absence of nutritio-
nal support whose impact would contribute to the
increase of the catabolic demand.

Among the patients who presented lower concentra-
tions of CRP, higher inadequacy of B-carotene was

Table II
Mean values of serum concentrations of retinol, B-carotene TBARS, CRP and APACHE II of patients with sepsis,
according to nutritional support

Retinol

B-c

arotene

TBARS CRP

(mmolll) (ug/dl) (mmoliml) (mgll) APACHEIT
Nutritional support Yes No Yes No Yes No Yes No Yes No
n 24 22 24 22 24 22 24 22 24 22
Mean 1.03 0.85 44.98 30.27 3.59 5.46 81.20 195.65 15.58 16.73
SD 1.02 1.15 47.04 28.89 341 5.34 77.38 114.88 3.13 5.95
P 0.33 0.047%* 0.24 0.001%* 0.43

SD: standard deviation; CRP: C-reactive protein; TBARS: reactive substances to thiobarbituric acid; APACHE II: Acute Physiology and Chronic

Health Evaluation.

*p <0.05 considered statistically significant.

Vitamin A and oxidative stress in sepsis
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found, and half of them presented retinol inadequacy.
Data of the National Health and Nutrition Examination
Survey in the USA (NHANES III) showed that indivi-
duals with values of CRP higher than 10 mg/L presen-
ted risk of VAD up to 8.6 times more than individuals
with normal inflammatory activity. VAD has already
being described as a risk factor for mortality in a large
number of infectious diseases.?® The most consensual
justification is that the presence of infections would
increase the organic utilization of vitamin A, thus cau-
sing firstly a decrease in the serum levels of retinol,
which would promote depletion of the liver stores of
this micronutrient. On the other hand, VAD associates
with damage in the immunological response creating
more susceptibility to infections, therefore generating
the cycle “infection, deficiency, infection”. Such state-
ments may in part explain the increase of severity and
mortality in the presence of the status of deficiency of
vitamin A.

It is important to point out the findings related to uri-
nary retinol loss associated with infectious processes.”
Stephensen et al*® conducted a study with 29 patients in
ICU who presented pneumonia or sepsis, and they
found an increase in the urinary excretion of retinol in
the group studied when compared to healthy indivi-
duals. The patients presented an APACHE II score of
18 £ 7 in the first 24 hours of admission to the ICU (a
finding similar to the values found in the present study:
16.13 + 4.68). It was observed that the most severe
patients (score > 20) excreted 10 times more retinol
than those who were the less severe ones (p < 0.0022).
Neves et al” observed a strong correlation between low
serum levels of retinol and higher urinary loss of this
nutrient in individuals with infection. Such findings
must be taken into account in the understanding of the
physiopathological mechanisms related to the develop-
ment of VAD in patients with infection, mainly during
severe infectious processes.

Goode et al® studied 16 patients interned in an ICU
with a diagnosis of septic shock and secondary organ
dysfunction and they found evidences of oxidative
stress, as well reduced values of vitamins A and E, and
carotenoids (lycopene and B-carotene). Mean serum
retinol found was 26.5 pg/dl, mean APACHE II score
was 16.6, and the concentrations of TBARS showed a
strong negative correlation with those of serum retinol
(p <0.01). In the present study, mean retinol was 0.95
wmol/L (27.14 ng/dl) and mean APACHE II was
16.13, results similar to the study previously cited;
however it was not found an association between
serum levels of TBARS and blood retinol. It was obser-
ved that retinol and B-carotene inadequacy was more
frequent in patients with higher circulating levels of
TBARS (allocated in the 50" and 75" quartiles), nonet-
heless, no statistical significance was found. All
patients studied by Goode et al’ presented 3-carotene
inadequacy. Such findings are in agreement with the
high serum [-carotene inadequacy observed in the pre-
sent study.

In the present study, it was not found a statistical dif-
ference as regards serum levels of retinol, TBARS and
APACHE II score in the groups with and without diet.
Up to the present moment, literature does not present
results similar to those of the present study, which
would enable comparisons with these findings.

As regards -carotene, it was observed serum con-
centrations significantly lower in the group without
diet. B-carotene is considered provitaminic forms on
account of their capacity of bioconversion to retinol,
which is the active form of vitamin A. They are for-
med by an extensive conjugated system of double
binds, and are five times more efficient than retinoids
as regards protection against oxidative stress.?
According to Mecocci et al,* the adequate nutritional
status of vitamin A reduces the conversion of carote-
noids into retinol, hence demonstrating that there is a
relationship between the nutritional status of retinol
and carotenoids. In the present study, besides a reduc-
tion of B-carotene in the group without diet, it was
verified that individuals with adequate serum concen-
trations of retinol presented a higher frequency of ina-
dequacy of B-carotene. Such factors could be explai-
ned by the mobilization of B-carotene as antioxidants
in the fight against oxidative stress (which was higher
in the group without diet), and by bioconversion in
order to maintain serum retinol concentrations that,
despite the inadequate concentrations for the assem-
blage of patients, did not present statistically signifi-
cant difference between patients with and without
nutritional support. These findings demonstrated that
critical patients with sepsis, included in the present
study and who did not receive the diet, would be pre-
vented from the antioxidant power of B-carotene
taking into account the lower mean serum concentra-
tions found in this subgroup.

Dietary Reference Intake (DRI) of vitamin A for
adults is 900 pg/day (males) and 700 pg/day (females)
and the UL (Tolerable Upper Intake Level) is 3,000
Hg/day.”

In the present study, the mean vitamin A administe-
red to patients was 8,622 IU, corresponding approxi-
mately to three times the recommended intake for
adults; " therefore suggesting that the dose of vitamin A
routinely offered to these patients was not able to meet
the demand of this group, due to the high frequency of
serum inadequacy of retinol and B-carotene found in
the study.

Conclusion

Septic patients presented an important inadequacy
of retinol and PB-carotene. The results found in the pre-
sent study brought elements to the elaboration/review
of the nutritional protocol addressed to the group stu-
died, especially as regards the intake of vitamin A as a
means of improving the prognosis and evolution of
these patients.
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Resumen

Antecedentes: Una alimentacion 6ptima, especialmente
durante la infancia y adolescencia, es un importante obje-
tivo social, ya que se crean habitos y conductas alimentarias
que se mantendran durante la vida adulta.

Objetivo: El objetivo de este estudio es recoger y valo-
rar la publicidad de alimentos dirigida a un publico
infantil, antes de la aprobacion del codigo de autorregula-
cion de la publicidad e alimentos dirigida a menores, pre-
vencion de la obesidad y salud (Cédigo PAOS) y después
de su puesta en marcha.

Ambito, material y métodos: S e visionaron y se recogieron
datos de los anuncios de alimentos emitidos por television
en horario de programacion infantil.

Resultados: Los resultados obtenidos expresan una gran
discrepancia entre la dieta compuesta por los alimentos
anunciados y una dieta normal recomendada para ninos,
asi como la ausencia de modificaciones en la publicidad tras
la entrada en vigor de dicho codigo.

Conclusion: Los alimentos hipercaléricos ofertados a
menores en los espacios publicitarios de la programacion
infantil no son los adecuados para una dieta 6ptima. La
puesta en marcha del Cédigo PAOS no ha tenido mucha
repercusion sobre la cantidad y la calidad de los anuncios
de alimentos destinados al piiblico infantil.

(Nutr Hosp. 2009;24:318-325)

Palabras clave: Publicidad. Conducta alimentaria. Infan-
cia. Obesidad infantil.

Introduccion

La prevalencia de la obesidad (especialmente en la
infancia, donde alcanza cifras alarmantes) y su tenden-
cia ascendente durante las dos ultimas décadas, han
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ADVERTISING AND FEEDING: INFLUENCE
OF GRAPHICAL ADVERTISEMENTS ON DIETARY
HABITS DURING CHILDHOOD AND ADOLESCENCE

Abstract

Background and objectives: An optimal nutritional
diet, especially during the infancy and adolescence, is an
important social objective, to create habits and beha-
viours that will maintain during the adult life of the pre-
sent children.

The objective of this study is to collect and evaluate the
publicity of nutritional products and how this is directed
to children, before the approval of the codex of regulation
of teh publicity of nutritional products as directed to
minors, prevention of obesity and health (codex PAOS)
and after the start of the codex.

Setting, materials and methods: To watch and collect
data from commercials of nutritional products, such as
transmitted by television during the infant programs.

Results: The obtained results show a great discrepancy
between the diet constituted by the commercials for
nutritional products and a diet, normally recommended
for children. Besides this, nos changes in the commercials
were noticed after the start of the codex.

Conclusion: The commercials for nutritional products
with a very high caloric value are transmitted to children
durign the infant programs are not appropiate for an opti-
mal diet. The start of the Codex PAOS did not have much
effect in the amount and quality of the commercials of
nutritional products, such as directed to the infant public.

(Nutr Hosp. 2009;24:318-325)
Key words: Publicity. Food habits. Infancy. Infant obesity.

hecho que en Espafia se afiance el término de “obesi-
dad epidémica”. La obesidad infantil se sitda ya en el
13,9%, y la del sobrepeso esta en torno al 12,4%. La
cifra mayor se detecta en la prepubertad, en concreto,
en el grupo de edad de 6 a 12 afios, con una prevalencia
del 16,1%!'. El cambio de hébitos alimentarios y la poca
actividad fisica son, segtin el Ministerio de Sanidad y
Consumo, las principales causas de este espectacular
incremento. La Organizacién Mundial de la Salud la ha
calificado como la “Epidemia del Siglo XXI”**. En la
actualidad, existe evidencia cientifica de que los facto-
res de riesgo de enfermedades crénicas se establecen



durante la infancia y la adolescencia. La adopcion de
un estilo de vida saludable parece deseable desde eda-
des tempranas, existiendo en consenso cada vez mayor
hacia la prevencion’. Seria necesario, y de suma impor-
tancia, el conocimiento de los factores que condicionan
la configuracién de los habitos alimentarios tanto en la
infancia, como en la adolescencia®. Aunque el conoci-
miento no siempre condiciona el hdbito, puede ser el
primer paso para mejorar la dieta’.

La alimentacion es una accion compleja regulada
por mecanismos fisiolégicos y psicolégicos® siendo la
publicidad uno de los componentes de esos aspectos
psicolégicos. La publicidad nos influye mucho como
consumidores, es uno de los factores mas importantes
para la venta de un producto’. La capacidad de persua-
sién de la publicidad es tan reconocida que para contro-
larla se han elaborado numerosas normativas, leyes
gubernamentales y acuerdos de autorregulacién volun-
tarios. Dentro de estos ultimos, cabe destacar “El
codigo de autorregulacion de la publicidad de alimen-
tos dirigida a menores, prevencion de la obesidad y
salud” (Codigo PAOS)' que entrd en vigor el 15 de
septiembre de 2005. Este codigo se encuentra inscrito
dentro del marco de la Estrategia NAOS (Estrategia
para la Nutricion, Actividad Fisica y Prevencion de la
obesidad'! lanzada recientemente por el Ministerio de
Sanidad y Consumo para disminuir la prevalencia de la
obesidad y sobrepeso y sus consecuencias. Promovido
por la FIAB (Federacion de Industrias de Alimentos y
Bebidas) tiene el fin de establecer un conjunto de reglas
que guien a las compafiias adheridas en el desarrollo,
ejecucion y difusion de sus mensajes publicitarios diri-
gidos a menores'.

Los nifios son el grupo social mds sensible a los
estragos de la publicidad, llegando en muchos casos a
convertirse en dependientes del mercado del con-
sumo'?; de ahi que en los ultimos afios haya ido incre-
mentdndose la preocupacion y el interés sobre la rela-
cién entre publicidad-edad infantil asi como la
responsabilidad que se puede derivar de la influencia
que en ellos ejerce. La publicidad intenta crear y conso-
lidar en el menor nuevos hédbitos de consumo, puesto
que son la mejor garantia de tener consumidores en el
futuro; explotando las formas de comportamiento
social de los nifios y la tendencia infantil a imitar los
modelos de conducta’.

La mejor plataforma para hacer llegar a los nifios el
mensaje publicitario es la televisién, dado que la mayo-
ria de los nifios ve la television a diario, ocupando una
gran parte del tiempo destinado a la diversion'. Por
otra parte, este medio de comunicacién es de baja parti-
cipacion®, es decir, el nifio recibe el mensaje y lo
admite sin apenas reflexion, siendo procesada la infor-
macién por el hemisferio derecho del cerebro, fomen-
tando la pasividad'®. Otro hecho destacable y demos-
trado es que los nifios tienden a difuminar y disminuir
las diferencias entre la publicidad y los programas nor-
males'”®. Asi, los spots publicitarios dirigidos a meno-
res suelen ofrecer junto con la compra otros productos

como pegatinas,... todo ello unido a un gran soporte de
medios audiovisuales que inducen a comprar. La fasci-
nacién infantil por los colores llamativos, regalos pro-
mocionales o personajes fantdsticos que prometen
sabores irrepetibles, subyugan al incipiente consumi-
dor al poder del anuncio y, por consiguiente, al del ali-
mento en cuestion. Tal como explica Joan Ferrés®, la
publicidad es el mdximo exponente de un juego de
engarios.

Un gran porcentaje de estos anuncios ofertados en
television corresponde a productos alimentarios y dada
la posible influencia de la publicidad en los nifios, los
hdbitos alimentarios infantiles pueden estar, en parte,
condicionados por la publicidad. La relacién entre
estos tres factores: alimentacion, publicidad e infancia,
es el objetivo de este estudio, mediante la observacion
directa de la publicidad de productos alimentarios ofer-
tada en la television, en horario infantil, antes de la
aprobacién del Cédigo PAOS y después de su puesta
en marcha. Con los resultados obtenidos se hard una
comparacioén entre los alimentos que se ofertan y los
que compondrian una dieta 6ptima, ademds de valorar
si se ha modificado la cantidad o caracteristicas de la
publicidad alimentaria dirigida al publico infantil des-
pués de la entrada en vigor del Cédigo PAOS.

Material y métodos
Poblacion a estudio

Analizar la publicidad y los contenidos de los anun-
cios de alimentos dirigidos al publico infantil, con eda-
des comprendidas entre los 3 y los 12 afios, es el objeto
de este estudio. Es importante establecer unos marge-
nes de edad tanto para limitar los que se consideran
anuncios destinados al publico infantil, como para
determinar la que se considera alimentacién normal o
adecuada de dicha poblacidn.

Material

El medio de comunicacién elegido como vehiculo
de la publicidad alimentaria destinada a menores es la
television. Los criterios de seleccion seguidos son eva-
luar los anuncios de alimentos emitidos durante la pro-
gramacion destinada al publico infantil en dias escola-
res y en las cadenas de television con mayor audiencia
de las de cobertura nacional y gratuita. Se redujo el
campo a la programacién infantil vespertina ofertada
por TV2, un espacio de tiempo comprendido entre las
17:30 a 19:10 en el ano 2005. En el afio 2007, se tomd
como base para el estudio la programacién infantil
ofertada por la TV2 a medio dia, de 13:30 a 15:00, ya
que la vespertina se consider6 dirigida a un publico
adolescente. En concreto se trabajé sobre una semana
escolar de mayo de 2005 (viernes 6, lunes 9, martes 10,
viernes13 y el lunes 16) y una semana escolar de mayo-

Spots televisivos y consumo alimentario
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junio de 2007 (martes 29, miércoles 30, lunes 11, mar-
tes 12 y jueves 14) El hecho de no poder coger semanas
completas y tener que trabajar sobre dias de diferentes
semanas se debe a que los dias 11 y 12 de mayo de 2005
la programacién habitual de la TV2 fue cancelada por
la emisién del Debate sobre el Estado de la Nacion y la
programacion infantil de finales de mayo, principios de
junio de 2007 se vio suspendida por la emision del Tor-
neo de Roland Garros.

Meétodo de estudio

El estudio consisti6 en la observacion directa de la
programacion de television infantil, registrando los
anuncios ofertados y los tiempos de emisién destinados
a los mismos en hojas de recogida de datos disefiadas a
tal fin.

Andlisis estadistico

Tras el estudio descriptivo, se calcularon medias y
desviaciones de los datos mediante la aplicacién SPSS
11.

Resultados y discusion

La publicidad de alimentos emitida en horario pro-
gramacidn infantil, durante los dias escolares, queda
reflejada en los siguientes datos:

La programacién infantil vespertina en el afio 2005
durante los dias escolares se limitaba a “Los lunnis”
que solia empezar su emision sobre las 17:30 y acabar a
las 19:10. En el afio 2007 la programacion infantil emi-
tida a medio dia suele empezar a las 13:30 y acabar a
las 15:00 (tablas Iy II).

En el espacio de tiempo comprendido entre las 17:30
y las 19:10 de 2005 habitualmente se incluian 4 sesio-
nes de anuncios. En el afio 2007, en la programacion
infantil ofertada entre las 13:30 y las 15:00 hay 3 sesio-
nes de anuncios (tablas I y II).

En 2005 el tiempo medio dedicado a esos anuncios
era de 5 minutos cada sesion. En 2007 el tiempo
aumenta hasta una media de 7 minutos por sesion. El
porcentaje del tiempo que ocupan los anuncios del total
de minutos de la programacién infantil observada en
esos cinco dias era el 18,4% en 2005. En 2007 es del
23,5%, lo cual implica también un aumento del tiempo
destinado a anuncios (fig. 1).

En 2005 cada sesion de anuncios se componia de una
media de 14 anuncios, de los cuales el 32% es publici-
dad de productos alimenticios. En 2007 hay una media
de 25 anuncios por sesion, de los cuales el 31% se des-
tina a productos alimenticios (fig. 2). La cantidad total
de anuncios de alimentos se ha incrementado un 48%
entre los dos afios estudiados.

En 2005 se observo una forma de reclamo que
parece especialmente perjudicial para el nifio: asociar
la ingesta de un determinado alimento con “ser el
mejor”. Un anuncio dice literalmente “si no eres el
mejor es porque no quieres”, en el contexto de un nifio
mal deportista que consigue muchos amigos/admira-
dores cuando come un determinado tipo de galletas.

En ambos periodos los alimentos mds ofertados son
galletas, cereales de desayuno, lacteos, helados, bolle-
ria, batidos, cacao y golosinas. Las figuras 3 y 4 refle-
jan el total de anuncios de alimentacién observados
agrupados en funcién del producto que ofertan. En
ambos casos la mayoria de los anuncios de alimentos
contienen imagenes en dibujos animados y muchos
ofrecen regalos por la compra de los productos.

En ambos afios los alimentos que se ofertan son muy
energéticos y de poco valor nutritivo, generalmente
ricos en azucares simples y grasas. En ambos afios no

100
90 + ]
80 1+
70 T [] Duracién media en minutos
60 de la programacién infantil
TV2
50 +—
[ Media de minutos de esa
40 1 programacion destinados a
30 4—| anuncios
Fig. 1 —Tiempo medio diario
20 + en minutos invertidos en la
programacion infantil, vesper-
10 1 tina en 2005 y a medio dia en
2007, de TV2 durante las sema-
0 T T T nas de estudio y tiempo de esa
2005 2007 programacion destinado a
anuncios.
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Fig. 2—Total de anuncios emi-
tidos en los cinco dias de pro-
gramacion infantil observada
en TV2, vespertina en 2005 y a
medio dia en 2007, y el total de
anuncios emitidos destinados a
productos alimentarios.

hay anuncios de frutas, verduras o pescado, de los ali-
mentos que serian la base de una dieta equilibrada.
Tampoco se incluyen recomendaciones dietéticas, con-
sejos alimentarios o hdbitos de vida saludables.

De los dos puntos anteriores se deduce que la ali-
mentacion ofertada es deficitaria en frutas, legumbres,
vegetales y pescados y excesiva en grasa y azticares
simples. Hay una divergencia clara entre lo que se
ofrece y lo que los expertos en nutricidon recomiendan
consumir. Afirmacion que se refleja en las dos pirdmi-
des representadas en la figura 5, la de la izquierda
representa la dieta aconsejada y la de la derecha la que
compondrian los alimentos anunciados. Resultados
que son muy preocupantes si tenemos en cuenta que
otro estudio similar realizado entre escolares britdnicos
de primaria® demuestra la estrecha relacion existente
entre la publicidad y el consumo de productos artificia-

O Agua

O Batidos

O Bolleria

O Cereales

B Cacaoen
polvo

B Fast Food

B Galletas

B Golosinas

[ Helados

B Queso

O Yogur

Fig. 3—Muestra del total de anuncios de alimentos emitidos en
la programacion infantil vespertina de TV2 en 2005 los porcen-
tajes que se destinaron a los distintos tipos de alimentos.

[ Agua

[J Batidos
[ Bolleria
O Cereales
O cacao
[E Fast Food
M Galletas
Il Golosinas
M Helados
B Queso

] Yogur

Fig. 4—Muestra del total de anuncios emitidos en la programa-
cion infantil a medio dia de TV2 en 2007 los porcentajes que se
destinaron a los distintos tipos de alimentos.

les previamente publicitados, en detrimento de alimen-
tos naturales. Segun el estudio, diez de los productos
mas consumidos por los integrantes de la muestra
correspondian a los diez alimentos publicitados con
mads frecuencia en las pausas de los programas televisi-
vos preferidos por los nifios. Tal como ponen de mani-
fiesto los autores, los spots de refrescos, de patatas fri-
tas y de bolleria fueron los mas recordados por la
poblacién infantil analizada, datos que concordaron
claramente con los productos mds consumidos por
dicha muestra.

Del estudio de los anuncios de productos alimentarios
emitidos en televisién en horario de programacion infantil
durante la semana escolar podemos afirmar que el tiempo
destinado a publicidad dentro de la programacién infantil
ha aumentado un 5%. El tiempo destinado a publicidad de
alimentos era y continta siendo, aproximadamente, un
tercio del total destinado a publicidad, a lo que hay que
sumar que el efecto de la publicidad se ve intensificado
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tre la piramide nutricional
aconsejada (a la izquier-
da, segiin mayor o menor
[frecuencia de consumo, de
la base a la ciispide) y la
piramide nutricional que
saldria con los alimentos
ofertados en los anuncios
durante la programacion
infantil (a la derecha).

por el nimero de horas totales que un nifio pasa delante
del televisor. Asi, segtin el estudio del Consell de Audiovi-
sual de Catalunya realizado en el ambito autondémico, los
menores pasan anualmente 990 horas frente a pantallas
electrénicas — la mayoria de ellas ante el televisor—y
s6lo 960 en la escuela, de ahi que resulte mas que evidente
sefialar la influencia que la television ejerce sobre el
sedentarismo de este ptiblico y, mds concretamente, la de
la publicidad sobre las tendencias del consumo alimenta-
rio de la poblacién infantil*'*. Este estudio coincide con
nuestro trabajo al destacar que la mayoria de los productos
ofertados son dulces, fast food, cereales azucarados, ape-
ritivos salados y refrescos, es decir, alimentos de alto con-
tenido energético y bajo valor nutritivo.

También relativo a la influencia que tiene la publicidad
sobre la eleccién del producto, estd el hecho de que la
gran mayoria de los anuncios estdn pensados para la
mente infantil, conectando con ellos a través de imagenes
que captan su atencion, sobre todo de dibujos animados y
la utilizacién de personajes famosos y admirados. En el
caso de la animacion hay que destacar que si los nifios
mds pequefios no tienen clara la frontera entre programa-
cién y anuncios, el alimento asi ofertado serd como algo
propio de la fantasia pero que se puede conseguir.

Respecto a la valoracién del efecto del Cédigo
PAQS, dentro de la estrategia NAOS, sobre la publici-
dad dirigida especialmente al piblico menor de 12
afios, resaltamos las normas éticas que, aunque aproba-
das, no se estan cumpliendo:

Punto 6 de la norma ética III, presentacién de los pro-
ductos: “En los anuncios de alimentos y bebidas dirigi-
dos a un piiblico menor de edad deben adoptarse pre-
cauciones para no explotar la imaginacién del menor.
La fantasia, incluyendo las animaciones y los dibujos
animados, es idonea tanto para nifios mds pequenos
como para mayores. Sin embargo, debe evitarse que la
utilizacion publicitaria de tales elementos cree expecta-
tivas inalcanzables o explote la ingenuidad de los nifos
pequerios a la hora de distinguir entre fantasia y reali-
dad” Cualquier observador que encienda la televisién
en horario infantil puede comprobar que mas del 70%

de los anuncios incluyen algiin tipo de animacion,
cuando no es el anuncio completo. Esto es claramente
destacable en los anuncios de alimentos.

Punto 11 de lanorma ética V, presién de ventas: “En
los anuncios de alimentos y bebidas dirigidos a un
publico infantil los beneficios atribuidos al alimento o
bebida deben ser inherentes a su uso. La publicidad no
debe dar la impresion de que adquirir o consumir un
alimento o bebida dard una mayor aceptacioén del niiio
entre sus amigos. Y al contrario, tampoco debe impli-
car que no adquirir o consumir un producto provocard
el rechazo del niio entre sus comparieros” . El anuncio
al que nos referifamos en 2005 como un reclamo espe-
cialmente perjudicial ha sido retirado, ademds, contra-
venia claramente este punto.

Punto 13 de la norma ética VI, apoyo y promocién a
través de personajes y programas: “La publicidad de
alimentos o bebidas en ningiin caso explotard la espe-
cial confianza de los menores en sus padres, profeso-
res, o en otras personas, tales como profesionales de
programas infantiles, o personajes (reales o ficticios)
de peliculas o series de ficcion, ni personajes conoci-
dos o famosos de alto grado de aceptacion entre el
publico infantil” . Este punto sigue sin cumplirse ya
que se utilizan deportistas famosos y personajes de
dibujos animados (no creados especificamente para el
producto,) para promocionar alimentos infantiles.

Punto 17 de la norma ética IX, promociones, sorteos,
concursos y clubes infantiles: “El mensaje publicitario
que incluya una promocion deberd diseniarse de tal
forma que, ademads de transmitir el mensaje relativo al
incentivo promocional, muestre claramente el producto
anunciado” Como ya hemos dicho hay anuncios donde
apenas se ve el alimento, s6lo los regalos ofertados.

Conclusiones
Los alimentos hipercaléricos ofertados a menores en

los espacios publicitarios de la programacién infantil
no son los adecuados para una dieta 6ptima.
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La publicidad de alimentos utiliza estrategias a las
que los menores son muy sensibles como musicas ale-
gres, colores vivos, personajes de animacién o la aso-
ciacién de un alimento con el éxito social.

La puesta en marcha del Cédigo PAOS no ha tenido
mucha repercusion sobre la cantidad y la calidad de los
anuncios de alimentos destinados al piblico infantil.

Los anunciantes y agencias deberian desarrollar
estrategias conjuntas para elaborar una publicidad de
alimentos educativa, dirigiendo su influencia hacia una
alimentacion sana, equilibrada y complementada con
ejercicio fisico.
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Effect of non-steroidal anti-inflammatory drug etoricoxib on the
hematological parameters and enzymes of colon and kidney
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Abstract

The present study was designed to investigate the
effects of a selective COX-2 inhibitor, etoricoxib in rats on
the hematological and toxicity parameters in colon and
kidney at two different doses of the drug, one within the
therapeutic anti-inflammatory range as based on the
reported ED50 value (Eto-1) while the other at ten times
higher (Eto-2), relative to the toxicity studies which have
not been reported so far. The results showed that the con-
trol and the drug treated animals achieved similar linear
growth rate and also showed no major alterations in the
histological parameters in the liver and kidney tissue. The
animals treated with lower dose of etoricoxib showed an
overall decrease in total leukocytes counts as well as in the
number of neutrophils, lymphocytes, monocytes and eosi-
nophills while the higher dose of the drug produced a
highly significant increase in all the cell counts. However,
the drug treatment at both the dose level produced signi-
ficant fall in the activities of alkaline phosphatase,
sucrase, lactase and maltase in the kidney but increased
the activity of alkaline phosphatase in colon. The treat-
ment of etoricoxib did not produce any change in the
nitric oxide and citrulline levels in kidney while an incre-
ase was noted in the colonic tissue. It was concluded that
etoricoxib is a relatively safe drug at its anti-inflamma-
tory ED50 dose in rats when the hematological parame-
ters and the structural and functional characteristics of
kidney and colonic tissues were studied.
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EFECTO DEL FARMACO ANTIINFLAMATORIO
NO ESTEROIDEO ETORICOXIB SOBRE LOS
PARAMETROS HEMATOLOGICOS Y LAS
ENZIMAS DEL COLON Y EL RINON

Resumen

El presente estudio se disen6 para investigar los efectos
de un inhibidor selectivo de la COX-2, etoricoxib, sobre
los parametros hematologicos y de toxicidad en colon y
rinon de rata, con dos dosis distintas del farmaco, una
dentro del rango terapéutico sobre la base del valor ED50
notificado (Eto-1) mientras que la otra fue diez veces
superior (Eto-2), relativa a los estudios de toxicidad que
ain no han sido publicados. Los resultados mostraron
que los animales control y los tratados consiguieron tasas
de crecimiento linear similares y no mostraron alteracio-
nes importantes en los parametros histologicos del higado
orindon. Los animales tratados con la dosis inferior de eto-
ricoxib mostraron una disminucion global del recuento
de neutrofilos, linfocitos, monocitos y eosinéfilos, mien-
tras que la dosis superior del farmaco produjo un
aumento significativo de todos los recuentos celulares. Sin
embargo, el tratamiento con el farmaco a ambas dosis
produjo una caida significativa de las actividades de la
fosfatasa alcalina, sucrasa, lactasa y maltasa del rinon y
una actividad aumentada de la fosfatasa alcalina del
colon. El tratamiento con etoricoxib no produjo ningiin
cambio en las concentraciones de 6xido nitrico ni de citru-
lina en el rifdn pero si se observo un aumento en el tejido
colénico. Se concluy6 que el etoricoxib es un farmaco
relativamente seguro a su dosis ED50 antiinflamatoria en
ratas cuando se estudiaron los parametros hematologicos
y las caracteristicas estructurales y funcionales de los teji-
dos renal y colénico.

(Nutr Hosp. 2009;24:326-332)

Palabras clave: Fdarmaco antiinflamatorio no esteroideo eto-
ricoxib. Recuentos leucocitarios. Enzimas del colon y rifion de
rata.



Introduction

Non-steroidal anti-inflammatory drugs (NSAIDs)
have come to play an important role over the years in
pharmacological management of arthritis and pain.!
NSAIDs are effective in controlling the joint pain and
swelling in rheumatoid arthritis and have also shown in
recent times to prevent the formation of cancer in diffe-
rent tissues.? However, NSAIDs are associated in
humans with toxicities such as gastro-intestinal ulcer
and bleeding.®* The anti-inflammatory action of
NSAIDs can be explained by their capability to inhibit
the synthesis of prostaglandins, particularly to inhibit
the cyclooxygenase (COX) enzymes.* COX is demons-
trated to be existing as three distinct isoforms, COX-1,
COX-2 and COX-3.5 COX-1 is expressed constituti-
vely in human kidney and brain, while its expression is
being induced in many tissues during inflammation,
normal wound healing and neoplasia.® Therefore, it
was proposed that the selective COX-2 inhibitors may
become more effective and safe chemopreventive
agents than classical NSAIDs which preferentially
inhibit COX-1.” Studies have also shown that the selec-
tive COX-2 inhibitors are effective and well tolerated
in treatments for rheumatoid arthritis and other inflam-
matory disorders.*

Etoricoxib (5-chloro-6-methyl-3-[4-(methyl sul-
fonyl) phenyl]-2-3’-bipyridine) is a recent entry into
the field of selective COX-2 inhibitors that has been
developed for treatment of osteoarthritis, rheumatoid
arthritis and pain.'® Etoricoxib, being COX-2 inhibitor,
has the therapeutic advantage of decreasing inflamma-
tion at the tissue sites particularly in joints, while spa-
ring gastrointestinal mucosa due to continued prosta-
glandin production via the COX-1 isoform."" However,
COX-2 enzymes are also expressed at multiple neph-
ron sites in the mammalian kidney including the corti-
cal thick ascending limb, macula densa, medullary
interstitial cells and the endothelium of arteries and
veins as well as glomerular podocytes.'? Thus, it is pos-
sible that inhibition of COX-2 enzymes may be asso-
ciated with alterations in renal functions. Also, the
expression of COX-2 is increasingly induced during
consecutive stages of cancer. The role of this enzyme
in colorectal carcinogenesis is well established by
Oshima and Taketo' showing that COX-2 deficiency
partly suppressed the familial adenomatous polyposis
and cancers. Thus, the chemopreventive role of COX-2
inhibitors is also a major consideration in their thera-
peutic dose and being investigated in the present labo-
ratory in experimental colon cancer.'*!

In the present study, an attempt has been made to
investigate the effect of the COX-2 selective inhibitor,
etoricoxib on rat kidney and colon histoarchitecture
and enzyme profiles at two different doses, one at wit-
hin its therapeutic anti-inflammatory range as based on
the reported ED50 value for rats while the other at a ten
times higher dose which is expected to relate to the
toxicity effects. In view of the immunosuppressive res-

ponse of the drug, the hematological parameters were
also studied in the peripheral blood leukocytes.

Materials and methods

The experiments were performed on male Wistar
rats of body weights ranging between 135-150 g, obtai-
ned from the central animal house of Panjab Univer-
sity. The animals were housed in plastic cages embed-
ded with rice husk and maintained on standard rodent
feed, and also had free access to water. The body
weights of the animals were recorded weekly in a sin-
gle pan animal scale. All of the animal procedures as
reported here followed the guidelines approved by the
Panjab University Ethical Committee on the use of the
experimental animals for biomedical research.

A six week study was designed where the animals
were divided into three different groups having 6 ani-
mals each. Group 1: The animals served as control
receiving the daily dose of 0.5% carboxy methyl cellu-
lose sodium salt as vehicle of the NSAID. Group 2: The
animals were given a daily oral administration of Etori-
coxib at a concentration of 0.64 mg/kg body wt, called
Eto-1. Group 3: The animals were given a daily oral
administration of Etoricoxib at a concentration of 6
mg/kg body weight, called Eto-2.

At the end of the six weeks duration, the animals
were anesthetized with ether and blood collected from
the ocular vein with a glass capillary. The animals were
thereof sacrificed with an overdose of ether and tissues
collected.

Total leukocytes count (TLC) was done following
the methods of Dacie and Lewis' in blood samples
diluted with freshly prepared Turk’s solution contai-
ning crystal violet stain and using a WBC diluting tube
(Thomas White Cell Pipette) with a dilution of 1:20.
The cells were then counted in a Neubauer Chamber
and using a light microscope. Differential leukocyte
count (DLC) was done by the thick smear method of
blood followed by Field’s stain which contained the
stains, Azure A, Methylene blue and Eosin. Eosinop-
hills appeared as bright red, large cells with well defi-
ned granules, neutrophils as pale purple pink and small
indistinct cells, basophils as deep blue cells with red-
dish cast while the monocytes were large sized cells
with kidney shaped nucleus.

For histopathological studies, small pieces of colon
and kidney were taken, washed with ice-cold 0.9%
saline and fixed in Bouin’s fixative for 24 hours.* After
fixation, the tissues were processed carefully for paraf-
fin wax (58-60° C), embedded in the wax and sections
were cut at 5 UM thickness in a microtome. Parrafin
sections as taken on an albumin coated glass slides as a
continuous ribbon were dewaxed in xylene, down gra-
ded (hydrated) in decreasing percentage of alcohols
and brought to water, stained with haematoxylin for 20
sec and washed in tap water till the appearance of blue
color. The slides were then rinsed in ammonia water,
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Table I
Effect of etoricoxib on total and differential leucocyte counts

Groups Total leukocyte counts Neutrophils Lymphocytes Monocytes Eosinophils
Control 7.567+£83.33 1.046 £ 64 6.138 £ 144 100£26.33 100£26.33
Etoricoxib 1 5.333£696.02* 762 +£24.25 4.399 £679.14 85+10.97 53+£6.96
Etoricoxib 2 11.400 £ 692.82%*%* 8.476 £354.99%%* 9.230+£534.58%** 148 £28.21 114+£6.93

Values are mean = S.E.M. of six independent observations.
*p<0.05.
**p<0.01.

again washed with water and treated with acid water if
over stained. The sections were upgraded in alcohol till
70%, stained with 1% alcoholic eosin for 30 sec and
differentiated in 90% alcohol (Delafield hematoxylin-
eosin technique). The slides were cleaned in xylene
and finally mounted in distyrene plasticizer xylene
(DPX).>

The kidney and colonic tissues were dissected, was-
hed and a 10% homogenate of the tissue made in chilled
1 mM tris-50 mM mannitol buffer (pH 7.4). For colon,
the intestinal segment starting from the ligament of Triez
was dissected and thoroughly flushed with the chilled
buffer. The homogenate was centrifuged at 1,000 x g for
10 min at 4°C. The pellet was discarded and the superna-
tant was used for various biochemical estimations.

Alkaline phosphatase activity was assayed accor-
ding to the method of Bergmeyer* where p-nitrophenyl
phosphate was used as the substrate which was
hydrolyzed by the enzyme to yield p-nitrophenol at an
alkaline pH. The yellow color of p-nitrophenol was
measured at 410 nm.

The activity of the three disaccharidase enzymes,
sucrase, lactase and maltase was determined by measu-
ring the D-glucose liberated from the respective sugar
substrate using a glucose oxidase-peroxidase (GOD-
POD) enzymatic system.? Nitric oxide (NO) produc-
tion by nitric oxide synthase was estimated by measu-
ring the nitrite, a stable metabolic product of NO which
quickly reacts with oxygen to yield nitrite. Nitrite thus
formed, reacts with Griess reagent to form a purple azo
dye, the color of which can be read at 540 nm.> The

citrulline assay was based on its reaction with diacetyl-
monooxime and the absorbance of the color produced
was measured at 530 nm.

Results

The weight change profile showed a linear growth in
the body weight during a complete six week treatment
schedule which was shown in figure 1. No significant
change in the body weight was observed between the
control and the treated animals. Table I shows the total
and the differential leukocyte counts in the different
treatment groups during a six weeks treatment regi-
men. Eto-1 group showed an overall decrease in total
leukocyte counts as well as the individual count of neu-
trophils, lymphocytes, monocytes and eosinophils in
comparison to the control group. On the other hand,
Eto-2 group showed a fairly significant increase in the
leukocyte counts. The neutrophils did not show much
change in the cell counts.

Table II demonstrated the activity of the four diffe-
rent enzymes in the kidney namely, alkaline phospha-
tase, sucrase, lactase and maltase which shows a highly
significant decrease in both the Eto-1 and Eto-2 groups
when compared to the controls. However, the alkaline
phosphatase activity in colon showed a significant
increase in both the treated groups (table III). Table
IVdemonstrates that there was no significant change in
the nitric oxide and citrulline level in kidney in the Eto-
1 and Eto-2 groups of the animals as compared to the

Table IT
Effect of etoricoxib on certain enzymes in the homogenate of kidney

Groups Enzyme assayed ([ moles/mg protein)

Alkaline phosphatase Sucrase Lactase Maltase
Control 0.588 £0.058 4.048 £0.136 5.408 £0.152 14.850 £ 0.683
Etoricoxib 1 0.399 £0.037%#%** 2.504 £0.464 %% 3.28 £0.263%** 6.877 £0.719%%**
Etoricoxib 2 0.523 £0.054* 2.156 £0.203%** 3.294 £0.244%** 7.718 £1.166%**

Values are mean * SD of six independent observations.
*p<0.05.

#*p<0.01.

##%p <0.001.
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Table III microscope following hematoxylin and eosin staining
Effect of etoricoxib on alkaline phosphatase activity (H/E)..The normal histological ar (.:hltecture.of colpn
in colon comprises of mucosal layer containing crypt lined with
the various epithelial cells which included absorptive
Groups Alkakine phosphatase activity columnar cells, mucin producing goblet cells and neu-
(1 moles/mg protein) roendocrine cells (fig. 2). These are embedded in the
Control 0.424 +0.033 connective tissues called stroma. Mucosa rests over the
o sub mucosa below which lines the muscularis mucosa.
Etoricoxib 1 0.789 £ 0.099%**

Etoricoxib 2 1.252 £0.130%**

Values are mean + SD of six independent observations.
##k p <0.001.

controls while an increase was registered in the colonic

tissues for the same in both the treatment groups.
Histologicaly, the paraffin embedded sections of

colon and kidney were critically examined under light

The H/E results produced no major histoarchitectural
changes in etoricoxib treated animals when compared
with the control. Figure 3 shows the histoarchitecture
of the kidney cortex. The Bowman’s capsule structure
was prominent. However, no major alteration was seen
in both the etoricoxib groups in kidney, when compa-
red to the controls (fig. with Eto-2 not shown). Figure 4
which shows the effect of Eto-1 treatment on the kid-
ney histoarchitecture in the medullary region also reve-
aled no major change in the same.

Table IV
Effect of etoricoxib on nitric oxide and citruline levels in kidney and colon

Nitric oxide (nmoles/ml)

Citruline (nmoles/ml)

Groups

Kidney Kidney Colon
Control 16.906 £3.162 14.117+£2.324 13.2£0.098 1.77+£0.247
Etoricoxib 1 14.572 £1.259 17.187 £2.324%%%* 13.0£1.601 2.07£0.947
Etoricoxib 2 16.241£0.929 15.296 £3.052 14.7+1.293 1.92+0.230
Statistical analysis:
Values are mean * SD of six independent observations.
##% p < 0,001,
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Fig. 2—Photomicrograph showing the colonic mucosal surface of a) Control, b) Etoricoxib 1 and C) Etoricoxib 2 (400 X).

Discussion

NSAIDs are among the most widely prescribed class
of pharmaceutical agents worldwide, having broad cli-
nical utility in treating pain, fever and inflammation.>2
The anti-inflammatory action of NSAIDs rests in their
ability to inhibit the activity of COX enzymes which in
turn results in a diminished synthesis of proinflamma-
tory prostaglandins (PGs).”” COX-1 and COX-2, the
two isoforms of COX are almost identical in structure
but have important differences in substrate and inhibi-
tor selectivity.® COX-1 synthesizes protective PGs
which preserved the integrity of stomach and intestinal
lining and maintain normal functioning of kidney as
well. It also plays a role in the production of thrombo-
xane A, causing an aggregation of platelets to prevent
inappropriate bleeding.” On the other hand COX-2
emerged out as an inducible isoform for it could be
induced by inflammatory stimulus and by cytokines in
migratory and other cells.* The discovery of COX-2
isoenzyme and the characterization of its role in
inflammation fostered the development of a new class
of compounds that selectively inhibits COX-2 without
affecting the COX-1 dependent PG biosynthesis neces-
sary for physiological functions.* This new generation
of anti-inflammatory drugs has been proven in vitro to
selectively inhibit COX-2 activity and used to be as
efficacious as the standard NSAIDs (both COX-1 and

COX-2 inhibitors) in a number of in vivo models of
inflammation (rat carrageenan-induced foot paw
edema and rat adjuvant-induced arthritis)* and hype-
ralgesia (rat carrageenan-induced hyperalgesia).** Two
selective COX-2 inhibitors in particular (called
COXIBs) rofecoxib and celecoxib, have proven to pro-
vide significant relief in clinical trials of the signs and
symptoms of osteoarthritis and rheumatoid arthritis
and in eliminating pain following dental extraction,
while reducing the incidence of gastrointestinal ulcers
and erosions as seen with standard NSAID therapy.*
Moreover, these eagerly awaited highly selective
COX-2 inhibitors are of great interest because they
may represent an alternative therapeutic option for the
treatment of inflammation in diseases such as cirrhosis
with ascites in which renal function is critically depen-
dent on PGs.*® However, in recent times unfortunately
both rofecoxib and celecoxib have been reported to
produce cardiovascular complications**and therefore
necessitates searching for safer drugs. A second gene-
ration of selective COX-2 inhibitors such as valdeco-
xib, lumiracoxib and etoricoxib is currently under eva-
luation for clinical use,* and among these, etoricoxib
has shown particular promise in chemoprevention in
colon cancer in animal studies recently in our labora-
tory.!+1s

The results of the present study wherein two diffe-
rent doses of etoricoxib were used in rats, one at the

Fig. 3—Photomicrograph showing the cortex region of a) Control and b) Etoricoxib 1 treated rat kidney cortex (100 X).
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Fig. 4—Photomicrograph showing the medulla region of a) Control and b) Etoricoxib 1 treated rat kidney medulla (100 X).

anti-inflammatory therapeutic dose and the other at ten
times higher conclusively show that the drug does not
interfere with the normal growth profile of the animal
as well as the structural and functional parameters of
kidney and colon. However, it was also demonstrated
that etoricoxib at both the dose can influence the activi-
ties of sucrase, maltase, lactase and alkaline phospha-
tase in kidney. These enzyme activities are intimately
associated with the process of membrane transport in
the kidney brush border as shown by us earlier.*® An
increase in alkaline phosphatase activity in colon is
seen in the present study where it has been reported to
have a link with the transport of phosphate and calcium
ions* may play a crucial role in signal transduction
mechanism in the colonic brush border membrane.*
NO is produced by three nitric oxide synthase (NOs)
enzymes. Endothelial NOs and neuronal NOs are both
constitutively expressed while inducible NOs expres-
sion is enhanced by various inflammatory cytokines.*
The role of NO in carcinogenesis is controversial as
NO has both anti-tumor and tumor promotive proper-
ties.” The principal role of NO in the cellular microen-
vironment may depend on various factors such as the
level of NO production and the genetic make up of the
cells.* There are two pathways of citrulline production.
It can be derived from arginine/NOs pathway and/or
arginine/arginase pathway.* NOs pathway being res-
ponsible for the production of NO as well as citrulline,
may play a major role in cell growth and proliferation.
The present study of etoricoxib treatment at two diffe-
rent dose level led to no significant change in NO and
citrulline level in the kidney tissues, while in colon
only, NO was found to be increased and the citrulline
level unaltered. Etoricoxib may help in replenishing
the highly protective cells of colon as a little higher
level of NO than normal is required for cell differentia-
tion.* The results therefore suggest that etoricoxib may
modulate the cellular environment in case of colon
while no effects are seen in the kidney. Based on the
present results it can be concluded that the specific

COX-2 inhibitor, etoricoxib is a safe drug for therapeu-
tic use at its ED50 value.
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Olive oil-diet improves the simvastatin effects with respect to sunflower
oil-diet in men with increased cardiovascular risk. A preliminary study
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Abstract

Background and aims: Concomitant intake of statins
together with certain foods may affect their therapeutic
effects. The purpose of this preliminary study was to
determine the modulating effect of two culinary oils on
the hypolipemic effect of statins. Subject and Methods:
Twenty-five men with severe hypercholesterolemia and
high estimate cardiovascular risk (> 20% according to
the Adult Treatment Panel I1I of USA National Institutes
of Health, ATP-III) were enrolled in an observational
follow-up study to test lipoprotein profile changes after
six month 20-mg/d Simvastatin treatment. Thirteen
volunteers using sunflower oil as the habitual culinary
fat, and 12 using olive oil, were selected by non-probabi-
listic incidental sampling. Volunteers consent in follow
their habitual diets and to maintain diet characteristics
throughout the study. Diet was evaluated through the
study by three 24-h recalls and a food frequency question-
naire.

Results: The energy contribution of fat (P = 0.019) and
MUFA (P < 0.001) was higher in the olive oil-group while
that of PUFA (P = 0.001) and alcohol (P = 0.005) was hig-
her in the sunflower oil-group. TC/HDL-cholesterol and
the ATP-III 10-year risk percent decreased more (P <
0.05) in the olive oil group. TC and the TC/HDL-choleste-
rol and the LDL-cholesterol/HDL-cholesterol ratios and
the ATP-III 10-year risk percent decreased significantly
more (P < 0.05) in the olive oil-group after BMI, energy
and alcohol intakes were adjusted.

Conclusion: Data suggest that although Simvastatin is
a very effective hypolipemic drug, olive oil-diets in prefe-
rence to sunflower oil-diets must be consumed in patients
with high cardiovascular risk.

(Nutr Hosp. 2009;24:333-339)

Key words: Simvastatin. Olive oil. Sunflower oil. Choleste-
rol. Lipoprotein-cholesterol. Cardiovascular risk. Drug-food
interaction.
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LAS DIETAS CONTENIENDO ACEITE DE OLIVA
MEJORAN LOS EFECTOS DE SIMVASTATINA
RESPECTO A DIETAS CON ACEITE DE GIRASOL
EN HOMBRES CON RIESGO CARDIOVASCULAR
ELEVADO. ESTUDIO PRELIMINAR

Resumen

Introduccion y objetivos: La ingesta de algunos alimen-
tos junto con estatinas puede afectar los efectos terapéuti-
cos del farmaco. Este estudio preliminar pretende determi-
nar el efecto modulador de dos tipos de aceites culinarios
sobre los efectos hipolipemiantes de las estatinas.

Métodos: Mediante muestreo no probabilistico, 25
hombres con hipercolesterolemia severa y alto riesgo car-
diovascular (> 20% segun el Panel I1I para tratamiento
de adultos de los Institutos de Salud USA, ATP-III) parti-
ciparon en el estudio observacional para ver los cambios
en el perfil lipoproteico después de seis meses de trata-
miento con 20 mg/dia de Simvastatina. 13 voluntarios
consumian habitualmente aceite de girasol como princi-
pal grasa culinaria y 12 aceite de oliva. Todos los sujetos
consintieron en mantener sus habitos alimentarios
durante el estudio. Para evaluar la dieta se usaron 3
recuerdos de 24 horas y una frecuencia de consumo.

Resultados: El aporte calérico de la grasa (P = 0,019) y
de los AGM (P < 0,001) fue mayor en el grupo que consu-
mia aceite de oliva, mientras que el de AGP (P = 0,001) y
alcohol (P = 0,005) fue menor. El cociente colesterol/
HDL-colesterol y el riesgo cardiovascular disminuyeron
mas (P<0.05) en los pacientes consumiendo aceite de
oliva. Después de ajustar para IMC y para ingesta calo-
rica y de alcohol, el colesterol total y los ratios coleste-
rol/HDL-colesterol y LDL-colesterol/HDL-colesterol y el
riesgo cardiovascular ATP-III disminuyeron significati-
vamente mas (P < 0,05) en el grupo de aceite de oliva.

Conclusiones: Los resultados sugieren que aunque Sim-
vastatina es un farmaco hipolipemiante muy efectivo, la
inclusion de aceite de oliva, frente a aceite de girasol, mejora
dicho efecto en pacientes con alto riesgo cardiovascular.

(Nutr Hosp. 2009;24:333-339)

Palabras clave: Simvastatina. Aceite de oliva. Aceite de gira-
sol. Colesterol. Lipoprotein-colesterol. Riesgo cardiovascular.
Interaccion farmaco-nutriente.
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Introduction

Statins are drugs that inhibit the rate-limiting
enzyme of cholesterol synthesis 3-hydroxy-3-methyl-
glutaryl coenzyme A reductase (3-OH-3-MGCoA).'?
The reduction in intracellular cholesterol levels stimu-
lates synthesis of low density lipoprotein (LDL) recep-
tors and their expression on the surface of liver cells.
These receptors are responsible for the uptake of LDL
in addition to that of their precursors, very low density
lipoprotein (VLDL) and VLDL remnants. This effect
of statins on VLDL also explains their capacity to
reduce triglyceride levels, although to a lesser degree
and in a less consistent manner.'? Thus, at present, sta-
tins are extendedly prescribed in patients with different
types of dyslipemia.'? The statins presently available
are mainly eliminated by the liver. Simvastatin, lovas-
tatin and atorvastatin are metabolised by cytochrome
P-450 3 A4 (CYP 3 A4), while fluvastatin is metaboli-
sed by CYP 2 C9. Only small amounts of pravastatin,
rosuvastatin and pitavastatin are metabolised by this
way.** PUFA have been shown to activate P-450
cytochrome activity, while SFA exert lower cytoch-
rome activation with MUFA exerting intermedium
effect.’ Concomitant intake of statins together with cer-
tain foods may produce alterations in their pharmaco-
kinetics or pharmacodynamics resulting in higher risk
of adverse reactions in some cases or lower pharmaco-
logical action in others.'3*

Very little information exists on the possible relation
between unsaturated oil intake and statin effects.® This is
surprising because culinary oils contribute more than
50% of the consumed fat in some countries.” In Spain,
due to economic reasons, olive oil consumption has been
partially replaced by other cheaper oils, such us sunflo-
wer. This partial substitution, together with other pro-
found food habits changes (e.g. low oily fish and high
lean fish consumptions), have contributed to the increase
of omega-6 fatty acid and the omega-6/omega-3 ratio
observed through the last few decades in Spain.*

Dietary fatty acids have profound effect on lipid and
lipoprotein levels.”* Mattson & Grundy'® found that
oleic acid lowered plasma cholesterol as much as lino-
leic acid did. However, it is more generally accepted
that n-6 PUFA (e.g. linoleic acid) produces a more pro-
minent hypocholesterolemic effect than MUFA (e.g.
oleic acid) do.""*

Taking into account all that we previously commen-
ted on, we hypothesized that the culinary oil ingestion,
due to its specific composition, can modulate the hypo-
lipemic effect of statins. Moreover, this effect can be
also changed due to the effect of PUFA on CYT 450.34
Thus, the main goal of this preliminary study was to
test how the diet composition (mainly by the mean of
the culinary oil used) influences the hypolipemic effect
of statins in men with increased cardiovascular risk.
Moreover, the effect of the basal total cholesterol (TC),
LDL-cholesterol, and triglyceride levels on this diet-
drug interaction was also tested.

Methods
Sample and study design

In a pharmacy office located in the industrial Area
close to Aviles, Asturias (Spain), subjects just diagno-
sed of hypercholesterolemia and going to start treat-
ment with Simvastatin were asked to participate in an
observational follow-up study. A non-probabilistic
incidental sampling was selected to test the influence
of oil type in the hypolipemic effects of Simvastatin.

Volunteers had to fulfil the following eligibility
criteria: a) gender: men; b) age: 45-65 years b) BMI >
20-35 kg/m?; ¢) diagnosed of hypercholesterolemia
(Serum total cholesterol > 250 mg/dL or = 6.46
mmol/L, LDL-cholesterol = 160 mg/dL or 4.14
mmol/L); d) to have at least one extra cardiovascular
risk (e.g. hypertension) or familiar antecedents of
cardiovascular accident; e) going to start with statin
treatment as hypocholesterolemic drug; g) to main-
tain the doses and type of statins through the treat-
ment. Exclusion criteria: a) previous cardiovascular
attack; a) type I diabetes; c) previously treated with
statins.

Forty volunteers fulfilling the previous criteria were
selected among a total of 54 candidates. Although
many subjects were conscious of using only olive oil or
sunflower oil, ten of them were not finally selected
because they did not show regular dietary habits. Infor-
med consent was obtained from a total of 30 male parti-
cipants. Twenty five of them were ready to receive
Simvastatin while three of them Fluvastatin and the
other two Atorvastatin. Thus, finally only volunteers
on 20 mg/d Simvastatin were studied. The percentage
change from baseline for TC concentration and the
LDL-cholesterol/HDL-cholesterol ratio was determi-
ned a priori to be the primary outcome variables. Sam-
ple size was considered adequate taking into account
previous studies on the influence of diet on lipid and
lipoprotein concentrations.' Nonetheless, this study
was designed to have a power of 85% (alpha 0.05) to
detect a 20% difference between olive oil and sunflo-
wer groups in TC response. A pooled standard devia-
tion of 10% for the change from baseline TC or LDL-
cholesterol/HDL-cholesterol was assumed for this
calculation.

The study was performed according to the guideli-
nes of the Helsinki Declaration. Patients were of low to
medium-low socioeconomic status and had low acade-
mic and professional qualifications. Subjects were
questioned about the use of fibres or other drugs. Sub-
jects were instructed to continue in their usual diets and
oil used and to inform about any change in the diet
and/or the hypocholesterolemic treatment. Patients
were recruited six months later in the same place for a
second blood draws.

Baseline anthropometric measurements were done
by trained personnel using standard methods and
calibrated equipment'® at the previous cited phar-
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macy office. The body height was measured with
subjects standing barefoot and upright with the head
in the Frankfort plane. Weight was measured on a
Precision Health scale with the subjects wearing
only their underclothes. Body mass index (BMI) was
calculated as weight in kilograms divided by the
square of height in meters. Body weight changes
(gains or losses) were refereed by volunteers at the
end of the study. Volunteers were also asked about
physical activity during the follow-up study. Blood
systolic and diastolic pressures were measured follo-
wing OMS recommendation using a Hg sphygmo-
manometer."’

Lipids and lipoprotein analysis

Blood was drawn in fasting conditions. Serum was
obtained by blood centrifugation at 2,500 g during 30
min at room temperature. The lipid and lipoprotein
analyses were performed about one week before star-
ting the Simvastatin treatment and six months later.
Routine enzymatic colorimetric measurements for
TC and TAG were performed using kits and instruc-
tions of Boehringer, Mannheim, Germany). HDL-
cholesterol was tested after VLDL and LDL precipi-
tation with fosfotungstic acid and MgCl,." In no case
were serum TAG higher than 360 mg/dL (4.04
mmol/L); thus, the Friedewald et al. formula' was
used to calculate VLDL-cholesterol and LDL-choles-
terol levels. All determinations were performed under
quality control.

Cardiovascular risk

The cardiovascular risk was calculated using the
Adult Treatment Panel IIT of USA National Institutes
of Health (ATP-III) tables.>

Dietary survey

Information about habitual food intake was obtai-
ned at the pharmacy office using three 24h recall sur-
veys throughout the study in non consecutive days
and a validated six month food frequency question-
naire (Departamento de Nutricién, Facultad de Far-
macia, Universidad Complutense de Madrid, Spain)
by trained personnel. In most cases, the diet informa-
tion obtained was checked with the wife’s help. The
portion size consumed was defined according a
manual containing 147 set of pictures of simple foods
and complex culinary dishes, and also recipe sizes.”!
Detailed information about the type and amount of
oil consumed was obtained taking into account possi-
ble losses due to frying and other culinary processes.
After assessing average food consumption, informa-
tion about energy, protein, lipid, carbohydrates,

fibre, cholesterol, saturated, monounsaturated and
polyunsaturated fatty acid intakes were estimated
using the food composition tables compiled in the
DIETECA databank.

Statistic study

Distribution normality was checked by Kolmogo-
rov-Smirnov tests. TAG were normalized by using
natural log. The possible interaction between the oil
type and Simvastatin was checked by repeated measure
test. Differences in treatment between basal values and
at six months were tested by the Paired Student ¢ test.
Also, the possible effect of basal TC, LDL-cholesterol
and TAG levels and the TC/HDL-cholesterol and
LDL-cholesterol/HDL-cholesterol ratios were tested.
Due to the influence of BMI, energy and alcohol con-
sumption, data were also tested after including these
variables as covariates in the statistical models. The
SPSS version 15.0 was employed.

Results

Participants from both oil groups did not show signi-
ficant differences in age, anthropometric characteris-
tics, and physical activity (table I). No significant chan-
ges in physical activity and body weight were refereed
by volunteers through the study. The consumption of
tobacco tended to be higher among sunflower consu-
mers (P =0.066).

The mean values for energy, macronutrients, choles-
terol and fibre intakes of the participants are shown in
table I1. The sunflower oil-group consumed more abso-
lute amounts of alcohol (P = 0.003) and PUFA (P =
0.005) and lower of MUFA (P < 0.001). The energy
contribution of MUFA was lower (P = 0.001) in the
sunflower oil-group while that of alcohol (P = 0.002)
and PUFA was higher (P = 0.011). Total lipid energy
contribution tended to be lower in the sunflower oil-
group (P =0.060).

Table 1
Baseline body mass index, physical activity and blood
pressure of volunteers consuming an olive oil —
or sunflower oil-diet

Olive Sunflower
oil-group oil-group
Volunteers number n=12 n=13
Age (yr) 56.8+4.2 56.6t4.4 NS
BMI (kg/m?) 28.7£25 285%1.6 NS
Physical activity* 0.8£0.8 0.8£0.7 NS
Cigarrete consumption (nr) 5.0£9.0 123£9.9 0.066

Data are mean = SD. *Mean from 0: non active; 1: active; 2: very active; NS: Not
significant.
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Table II
Energy, macronutrients, fibre, cholesterol intakes and
contribution of macronutrients to the total energy
consumed by the volunteers consuming an olive oil —
or sunflower oil-diet

Olive Sunflower
oil-group oil-group P

Volunteers number n=12 n=13
Energy (MJ) 143£18 143£18 NS
Protein (g) 1283+£26.1  130.0+37.7 NS
Lipids (g) 137.6£4.2 130.7£34.7 NS
Carbohydrates (g) 382.8+£8.9 384.8+72.2 NS
Fibre (g) 29.3£139 26219.0 NS
Alcohol (g) 20.3+£24.6 56.0£29.2  0.003
SFA (g) 325498 349+9.3 NS
MUFA (g) 65.3£13.6 413124 <0.001
PUFA (g) 264+11.1 405114 0.005
Cholesterol (mg) 380.0+151.0 405.0%247.1 NS
Energy contribution

Protein (% kcal) 154£29 145£2.5 NS

Lipids (% kcal) 37.1£4.9 33.1£55 0.066

Carbohydrates (% kcal) 434+£6.5 41.3£6.9 NS

Alcohol (% kcal) 41148 11.1+54 0.002

SFA (% kcal) 87122 89+1.9 NS

MUFA (% kcal) 17.6£2.9 10.5+2.6 0.001

PUFA (% kcal) 7232 10218 0.011

Data are mean £+ SD. NS: Not significant.

Table III shows the effect of Simvastatin after six
months treatment in both oil-groups. This statin, wit-
hout considering the culinary oil consumed, signifi-
cantly reduced (P < 0.001) serum lipid and lipoprotein
levels (except HDL-cholesterol) after 6 months of tre-
atment. No significant differences on TC, LDL-choles-
terol, HDL-cholesterol and TAG concentrations, sys-
tolic and diastolic pressures, and absolute risk were
found at the baseline between the two oil-groups. At
six months treatment, LDL-cholesterol, the TC/HDL-
cholesterol ratio and the ATP-III 10-year risk percent
tended to be lower (P =0.067, P=0.082, and P =0.064,
respectively) in the olive oil-group. The TC/HDL-cho-
lesterol ratio, the absolute risk punctuation and the 10-
year risk percent decreased significantly more during
the six months treatment in the olive oil-group (P =
0.05). When data were adjusted for the BMI and alco-
hol and energy consumptions, the decreases in choles-
terol, and in the TC/HDL-cholesterol and LDL-choles-
terol/HDL-cholesterol ratios were also significantly
higher in the olive oil-group than in the sunflower oil-
one (P <0.05).

Discussion

This study shows the benefits of the Simvastatin the-
rapy in volunteers with ATP-III risk higher than 20%.
Diet of volunteers, especially that of those consuming
olive oil, corresponds in general terms to the nowadays
diet followed in Spain.® This diet is far from the nutri-
tional guidelines® where carbohydrates should contri-
bute more than 50% of total energy, lipids 30-35%,
proteins 10-15% and alcohol < 10%. In terms of fat
energy contribution, the olive oil-group seems to
follow a less adequate diet. Some time ago, Keys et al.*
found that the energy contribution of fat highly influen-
ced serum cholesterol levels in men aged 40-49. Howe-
ver, Keys et al." in the Seven Countries Study also
found that cardiovascular mortality was reduced in
people consuming high amount of MUFA as oleic acid.
Energy consumption was high but in line with energy
expenditure because body weight and BMI did not sig-
nificantly change during the six months study. Volun-
teers on sunflower oil-group tended to consume more
tobacco and alcohol. Other studies have reported simi-
lar findings. There is now consistent evidence that die-
tary patterns are related to other behaviours such as
smoking.”

In accordance with other studies,'? data of the study
clearly show, with independence of the diet followed,
the benefits of Simvastatin consumption in the lipid,
blood pressure profile of patients with high cardiovas-
cular risk. In fact, in both dietary groups TC and LDL-
cholesterol decrease at least 17% and 19%, respecti-
vely.

Although the low number of participating volunteers
appears as the main limitation of this preliminary
study, as previously commented, this study was desig-
ned to have a power of 85% (alpha 0.05) to detect a
20% difference between olive oil and sunflower groups
in TC response. When results obtained were related to
the oil consumed very interesting data were obtained.
Baseline TC, TAG, LDL-cholesterol and HDL-choles-
terol levels and the TC/HDL-cholesterol and LDL-
cholesterol/HDL-cholesterol risk ratios were very
similar in both groups. Moreover, age, and educational
and sociological status were also similar. In both die-
tary groups, Simvastatin produced significant varia-
tions in all parameters studied, except HDL-choleste-
rol. The absolute and percentage changes differ in both
oil-groups for the TC/HDL-cholesterol and the ATP-
III cardiovascular risk, suggesting that the effect of
Simvastatin on this risk ratio was different in diets dif-
fering about 5% in energy but presenting a different
fatty acid profile. Alcohol consumption is known to
affect HDL-cholesterol* while overweight/obese peo-
ple present high TC and low HDL-cholesterol levels;”
thus, adjusting data BMI and for energy and alcohol
consumptions gives a more reliable information of dif-
ferences between oils in the present study. Adjusting
alcohol consumption is also important, because in a
prospective, double-blind crossed study involving
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Table I1I
Lipid and lipoprotein changes after simvastatin treatment in volunteers consuming an olive oil — or sunflower oil-diet

Absolute change in olive oil-diet vs

Olive oil group Sunflower oil-group Sunflower oil-diet (p)

Volunteers number n=12 n=13
Baseline TAG (mmol/L) 2.22+0.60 1.83+£0.75
Final TAG (mmol/L) 1.61£0.73 1.34+0.58

Change respect to baseline (%) 28.7+£17.2 236164 NS
Baseline cholesterol (mmol/L) 8.01£1.01 8.05£1.01
Final cholesterol (mmol/L) 6.1610.64 6.62+0.80

Change respect to baseline (%) 22.5+£9.4¢ 17.517.6° NS (0.04)
Basal LDL-cholesterol (mmol/L) 5.99+1.04 6.15£1.06
Final LDL-cholesterol (mmol/L) 4.42+0.66 5.00£0.90%

Change respect to baseline (%) 25.1£11.8 19.1£10.0¢ NS (0.06)
Basal HDL-cholesterol (mmol/L) 1.00£0.10 1.01£0.10
Final HDL-cholesterol (mmol/L) 1.00£0.07 1.00£0.07

Change respect to baseline (%) 021£6.2 1.0£5.3 NS
Basal TC/HDL-cholesterol 8.05+1.13 8.01+1.13
Final TC/HDL-cholesterol 6.18+0.83 6.68 £1.08%

Change respect to baseline (%) 22.5+8.0¢ 16.5+4.5¢ 0.05 (0.036)
Basal LDL-cholesterol/HDL-cholesterol 6.03+1.31 6.16+1.10
Final LDL-cholesterol/HDL-cholesterol 445+0.83 5.04£1.09

Change respect to baseline (%) 19.0£9.0° 13.0£7.1° NS (0.041)
Basal Systolic pressure 155.8+£20.7 165.4£25.7
Final Systolic pressure 155.2+16.6 159.0£21.8

Change respect to baseline 27£39 3.6£3.7 NS
Basal Diastolic pressure 925+17.1 100.8£18.9
Final Diastolic pressure 90.2+14.4 97.4%16.0

Change respect to baseline 2.1+35 294360 NS
Basal Risk points 16.7£1.6 17.5+2.1
Final Risk points 152£1.6 16.7£2.2

Change respect to baseline 9.0+3.9 44£52 0.035(0.03)
Basal 10-year risk percent 258142 26.5+4.3%
Final 10-year risk percent 20.5+149 252+6.3%

Change respect to baseline 21.6+14.9 62+12.6° 0.006 (0.04)

Data are mean £ SD. *P < 0.001; °P < 0.01 change respect to baseline; £p < 0.1 with respect to olive oil group. NS: Not significant. In parenthesis after BMI and energy and

alcohol intakes adjustments.

patients with primary hypercholesterolemia receiving
Fluvastatin for 6 weeks? it was found that 20 g of alco-
hol, diluted to 20% with lemonade modifies the meta-
bolism of the drug; although no significant differences
in the hypolipemic effect of Fluvastatin were found in
that study. After adjusting data for BMI and for energy
and alcohol consumptions a higher hypolipemic res-
ponse and a higher cardiovascular protection to Sim-
vastatin in olive oil group was found. Present results
are relevant taking into account the importance of TC
and the predictive power of TC/HDL-cholesterol and
LDL-cholesterol/HDL-cholesterol ratios of future car-
diovascular risk.”

At present no clear explanation for the present
results can be drawn taking into consideration the theo-
retical higher hypocholesterolemic effect of linoleic
acid than that of the oleic acid.'*"* However, the dietary
exchange of an olive oil and sunflower oil blend for
extra virgin olive oil decreased the estimate cardiovas-
cular risk and LDL in postmenopausal women."
MUPFA and PUFA decrease LDL levels by increasing
the cholesterol ester pool size, stimulating the mRNA
genesis of the LDL receptor (LDL-R).* This regula-
tory effect increases when dietary cholesterol is high.*
Ithas demonstrated that oleic acid stimulates LDL-R
activity twice as much as linoleic acid does in hams-
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ters.>! Patients on MUFA diets tend to display a greater
lymphocyte LDL-R activity than those of on PUFA
diets.* Nonetheless, other explanations could be for-
mulated. PUFA have been shown to activate P-450
cytochrome activity, while SFA exert lower cytoch-
rome activation with MUFA causing intermedium
effect.’ Thus, we hypothesized that the half-life of Sim-
vastatin is reduced due to a cytochrome-activating
effect when the drug is consumed by patients following
a sunflower oil-rich diet with respect to the same diet
prepared with olive oil. Nonetheless, the possible
increasing effect of olive oil polyphenols on Simvasta-
tin pharmakocynetic, due to an inhibition of P-450
cytochrome,* should not be ruled out.

The benefits of Simvastatin suggested in the HDL-
cholesterol'? were not found in the present study. This
fact can be partially explained by the already high
levels of HDL-cholesterol found in these volunteers,
because only 2 of the 25 volunteers studied showed
baseline HDL-cholesterol levels < 35 mg/dL (< 0.90
mmol/L). Moreover, in the olive oil-group the higher
intake of fat and olive oil could explain these relatively
high HDL-cholesterol figures,'*'*while in the sunflo-
wer oil-group the alcohol consumption would be invol-
ved in such high HDL-cholesterol levels* counterba-
lanced by the high levels of PUFA consumed."

Conclusions

To summarize, Simvastatin consumed in the frame-
work of an olive oil-diet produced higher decrease in
the TC/HDL-cholesterol ratio that Simvastatin consu-
med together a sunflower oil-one. The effect was also
significantly higher for the variation of TC, the
TC/HDL-cholesterol and LDL-cholesterol/HDL-cho-
lesterol ratios when data were adjusted for BMI,
energy and alcohol consumptions. Olive oil-diets in
preference to sunflower oil-diets must be consumed in
hypercholesterolemic subjects treated with Simvasta-
tin. Future work should be addressed to ascertain the
possible role of different culinary oils and that of minor
compounds (e.g. polyphenols, sterols) in this food-sta-
tin interaction.
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Resumen

Objetivos: Estudiar, en pacientes criticos, la respuesta
de los niveles de Zn en plasma (ZnPl), de IL-6 sérica, del
IL-6sR y de la PCR en relacion al Zn administrado en la
NPT, para evitar la deficiencia o el exceso de Zn.

Métodos: 17 pacientes que recibieron NPT, por pancre-
atitis aguda o luego de una cirugia abdominal mayor. Al
inicio (To) y a la finalizacion (Tf) de la NPT (6 a 21 dias) se
determiné en suero: IL-6 y IL-6 sR (ELISA); PCR (inmu-
noturbidimetria); ZnPl y Zn en NPT (Espectrometria de
Absorcion Atéomica). Caracteristicas fisicas: edad, anos
(promedio + DE y rangos): 60,6 + 11,7 (37-77); BMI
(kg/m?): 26,0 + 3,4 (19,9-34,0).

Resultados: Promedio + DE (y rangos): aporte de Zn en
la NPT: 6,1 + 2,0 mg/dia (2,8 a 10,8); parametros bioqui-
micos, a To y Tf, respectivamente: Zn PI (ug/dl): 104 + 46
(35-177); 120 * 55 (52-229); IL-6 (pg/mL) 93 + 74 (10-
262); 117 + 180 (7-761); IL6sR (pg/mL): 1012 + 322 (589-
1.855); 1.269 + 451 (631-2.195); PCR (mg/L): 71 £ 63 (2-
196); 65 =43 (0-137).

Dos pacientes, que fallecieron, incrementaron mas de 4
veces los niveles de IL6, mantuvieron altos niveles de
IL-6sR, pero disminuyendo los de PCR, recibiendo 4,2 y
5,2 mg/d de Zn. E160% de los pacientes con evolucion cli-
nica favorable present6 una disminucion de los niveles de
IL6.

Conclusiones: en los pacientes criticos, con evolucion
favorable, dosis de Zn de 2,8 a 10,8 mg/d en la NPT no
exacerbaron la respuesta inflamatoria, evaluada
mediante los niveles de IL-6, IL6sR y PCR.

(Nutr Hosp. 2009;24:340-346)
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INFLUENCE OF ZINC ADMINISTERED BY TOTAL
PARENTERAL NUTRITION ON PLASMATIC ZINC
LEVELS, ON REACTIVE C PROTEIN, ON SERUM
INTERLEUKIN-6 AND ON SERUM INTERLEUKIN-6
SOLUBLE RECEPTOR, IN CRITICAL PATIENTS

Abstract

Objectives: To study the interrelationship between
serum Interleukin-6 (IL-6), serum Interleukin-6 soluble
Receptor (IL-6 sR), C-Reactive Protein (C-RP), plasma-
tic Zinc levels (P1Zn) and their response in relation to Zn
administered by TPN, in critical patients.

Methods: 17 patients, receiving TPN as a consequence of
acute pancreatitis (n = 4) or after a major abdominal surgery
due to intestinal cancer (n = 7), intestinal fistula (n = 3), intes-
tinal obstruction (n = 2) or intestinal ileus (n = 1) were stu-
died. At the beginning (To) and at the end of the TPN admi-
nistration (6-21days) serum IL-6 and IL-6 sR were
determined by ELISA; C-RP ultrasensitive (C-RP us) by
inmunoturbidimetric method; Zn was determined in TPN
and in plasma by Atomic Absorption Spectrometry. Charac-
teristics of the patients were (mean = SD and ranges): age:
60.6 +11.7 (37-77) years; BMI (kg/m?): 26.0 + 3.4 (19.9-34.0).

Results: The results (mean * standard deviation and ran-
ges) were: Zn provided by TPN (mg/d): 6.1 £ 2.0 (range 2.8 to
10.8). Biochemical levels were, at To and Tf, respectively:
(mean+SD and ranges) were at To y Tf, respectively: Zn Pl
(ug/dl): 104 + 46 (35-177); 120 £ 55 (52-229); IL-6 (pg/mL) 93
+74 (10-262); 117 £ 180 (7-761); IL6sR (pg/mL): 1,012 + 322
(589-1855); 1,269 + 451 (631-2195); C-RP us (mg/L): 71 £ 63
(2-196); 65 £ 43 (0-137). There was no correlation between
variations of IL6, IL6sR, C-RP, P1Zn levels and the daily
amount of Zn administered in the TPN mixtures. Two
patients presented a bad evolution; they received 4.2 and 5.2
md/d of Zn and showed an increase of IL6 levels, maintained
high levels of IL6sR but C-RP levels decreased

Conclusions: the range of 2.8 to 10.8 mg/d of Zn admi-
nistered in TPN mixtures did not exacerbate the inflam-
matory response.

(Nutr Hosp. 2009;24:340-346)

Key words: Zinc. Critically ill patients with parenteral nutri-
tion. Interleukin-6. Soluble receptor of interleukin-6, and C
reactive protein.



Introduccion

Las cantidades de minerales que deben ser aportadas
en la Nutricién Parenteral Total (NPT) presentan dife-
rencias sustanciales con las recomendadas en la ali-
mentacién oral, ya que los nutrientes por via parenteral
llegan directamente al torrente sanguineo. Por ello,
gran parte del avance en el conocimiento de las necesi-
dades de micronutrientes minerales, entre ellos el Zn,
se ha debido a la administracién de férmulas para NPT
que no tenian incorporados micronutrientes minerales
o los tenian en cantidad insuficiente. En esos casos se
han descrito signos clinicos y alteraciones en los nive-
les plasmaticos indicativos de deficiencia aguda de
Zn'2. Sin embargo, las recomendaciones para la admi-
nistracién del Zn en NPT son empiricas, difieren entre
los profesionales de la salud y no hay acuerdo unanime
en las distintas Sociedades Cientificas, en relacion a su
prescripcion en pacientes graves*+.

Las estimaciones de las necesidades de Zn aplicando
el método factorial, proporcionaron informacién para
comenzar a administrar los micronutrientes minerales
en las NPT. Con esa base la AMA estableci6 para los
pacientes adultos alimentados por via parenteral un
requerimiento de Zn de 2 a 4 mg de Zn/dia’ cifras que
posteriormente sufrieron ligeras modificaciones®. No
obstante, algunos autores han evidenciado que la adi-
cién de 4,9 a 5,6 mg/d de Zn en la NPT promueve
mejores niveles de Zn plasmadtico y balance positivo en
pacientes graves’, ya que los pacientes que reciben
NPT pueden tener aumentadas sus necesidades por el
tipo de enfermedad y la medicacion recibida.

Existen diversas condiciones que predisponen a la
deplecion del Zn, tales como: fibrosis quistica, enfer-
medad inflamatoria intestinal, sindrome nefrético,
insuficiencia pancredtica, embarazo, prematurez, sin-
drome de intestino corto, talasemia, uremia, o debido al
uso de algunos medicamentos, como D-penicilamina®.
Por otra parte, el conocimiento de la importancia del
Zn en la cicatrizacion de las heridas y en la inmunidad
ha llevado a los médicos a suplementar rutinariamente
a pacientes catabdlicos, alimentados con NPT, con
dosis excesivas de Zn por via intravenosa, similares a
las que se aconsejan por via oral (hasta 30 mg/dia)’. El
estrés metabdlico puede aumentar el requerimiento de
Zn en 2 mg mds por dia; las pérdidas elevadas de Zn en
los 20 dias posteriores a un trauma y las pérdidas por
fistulas pueden representar varias veces los requeri-
mientos normales, de 12 a 17 mg de Zn/L de fluido per-
dido'™. En el caso particular del paciente quemado, que
tiene pérdidas cutdneas de Zn muy importantes, los
requerimientos pueden llegar hasta 20 mg/d"'.

Por otra parte, el exceso de Zn puede producir efec-
tos adversos asociados con el deterioro del estado
nutricional con respecto al Cu y al Fe, alteraciones en la
respuesta inmune y reduccién de las lipoproteinas de
alta densidad. El principal efecto téxico se debe a la
interferencia con el metabolismo normal del Cu, pro-
vocando una anemia por deficiencia de Cu®. Ademas,

el exceso de Zn puede provocar pancreatitis e hipera-
milasemia'? y exacerbar la fase aguda del proceso infla-
matorio del paciente grave.

Al igual que otros autores®, en un trabajo previo
hemos encontrado que las mezclas de NPT elaboradas
en Argentina aportaban una cantidad de Zn mas ele-
vada que la prescripta por el médico y que la cantidad
agregada por el farmacéutico, de acuerdo a los protoco-
los de elaboracién, debido a contaminacién no prevista
ni declarada en los componentes individuales'.

Por otro lado, para evaluar el prondstico de la enfer-
medad, en los pacientes criticos, se suele realizar, ade-
mads de las medidas antropométricas y las pruebas bio-
quimicas e inmunoldgicas habituales, la medicién de
proteinas de fase aguda. La proteina-C reactiva (PCR)
es la proteina de fase aguda mas utilizada en la clinica
como indicador de gravedad y prondstico en procesos
inflamatorios y/o infecciosos'. En los ultimos afios la
posibilidad de determinar algunas citoquinas ha permi-
tido profundizar los conocimientos de la farmacociné-
tica del Zn, permitiendo elaborar hipétesis acerca de
las alteraciones metabdlicas que ocurren en el paciente
grave. Estos hallazgos han permitido establecer que en
la fase aguda de procesos inflamatorios el Zn juega un
rol importante en la liberacién de Interleuquina 6 (IL-
6) y de sureceptor soluble (IL6sR)™.

Por lo expuesto, es esencial que la determinacién de
las necesidades de micronutrientes, en particular del
Zn, sea personalizada para cada paciente, teniendo en
cuenta las condiciones fisiolégicas y fisiopatoldgicas,
en base a la evaluacién de la funcién corporal y de indi-
cadores bioquimicos'.

Objetivos

Estudiar las variaciones de los niveles de Zn en
plasma (ZnPl), de PCR, de Interleuquina-6 sérica (IL-
6) y del Receptor soluble de Interleuquina-6 (sIL-6R)
en relacion al Zn administrado en la NPT, durante la
evolucién de pacientes criticos que recibian nutricién
parenteral,

Materiales y métodos
Pacientes

Los pacientes estudiados que debieron recibir nutri-
cién parenteral total (NPT) fueron atendidos por el
Meédico Especialista en tres centros hospitalarios priva-
dos de la Ciudad de Buenos Aires.

Las caracteristicas del estudio se encuadraron en las
actividades contempladas por los Comités de Docencia
e Investigacion de las Instituciones. El protocolo contd
con la autorizacion de las autoridades correspondientes
y fue aprobado en el marco del Proyecto UBACyT
B103 de la Universidad de Buenos Aires. Se obtuvo el
consentimiento informado del paciente o del familiar a

Zinc, interleuquina-6, receptor soluble
de interleuquina-6 y proteina C reactiva,
en pacientes con nutricion parenteral
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Tabla I
Caracteristicas de los pacientes estudiados (n = 17)

Patologia Pancreatitis aguda [leoloclusion intestinal Cancer Fistula intestinal
N 4 3 7 3
Sexo 3M/1F IM/2F ™ IM/2F
Promedio £DE (rango)
Edad 56,6+ 10,0 51,070 66,6 +6,8 66,7+5,8
(44-68) (44-58) (58-77) (37-74)

N 28,8+3,7 23,1+228 244+4.1 26,5+ 1,3

IMC (kg/m?®) (25,4-34,0) (19,9-25,2) (18,4-29.4) (25,0-27,3)

Sexo: M: Masculino; F: Femenino.

cargo de su cuidado, previa conversacion explicativa
del objetivo del estudio.

Se estudiaron 17 pacientes adultos criticos que pade-
cian alguna de las siguientes patologias: pancreatitis
aguda (n = 4), cancer de pancreas, de célon o de intes-
tino (n = 7), ileo intestinal post-operatorio u obstruc-
cion intestinal (n = 3), fistulas de bajo débito (menor a
300 ml) (n=3) (tablaT).

En los pacientes se recolectaron muestras de sangre
y de orina (de 24 horas), al comenzar la administracién
de la nutricién parenteral y al finalizarla (entre 10y 21
dias), con intervalos de 5-7 dias. El médico con su
equipo de salud efectud el seguimiento de los pacientes
y realiz6 la evolucidn clinica. Se consider6 evolucién
favorable cuando el equipo de Terapia Nutricional
indic6 la suspensién de la nutricién parenteral y los
pacientes comenzaron a recibir nutricién enteral u oral.

Se confecciond una Ficha Clinica para cada paciente
donde se incluyeron los datos de Laboratorio, la for-
mula de la prescripcién de la NPT indicada por el
médico y el protocolo de su elaboracién. En este proto-
colo figuraron, entre otros datos, las concentraciones
de los nutrientes utilizados y los datos sobre el volumen
diario de la férmula administrada.

Muestras biologicas

En los pacientes se recolectaron muestras de sangre
y de orina (de 24 horas), al comenzar la administracion
de la nutricién parenteral y al finalizarla (entre 10y 21
dias), con intervalos de 5-7 dias. Se extrajo sangre,
recogiendo 2 alicuotas, una con heparina, separando
plasma y otra sin anticoagulante, para separar el suero.

Metodologia de laboratorio

— Zn en las formulas de NPT: Las muestras de las
férmulas de NPT se mineralizaron por via himeda con
dcido nitrico concentrado pro andlisis (p.a.), utilizando
bombas Parr (N° de catdlogo 4.782) y en horno de

microondas. Luego de la mineralizacidn las muestras
fueron enfriadas a - 4°C durante 1 hora y se abrieron
bajo una campana con extractor de gases para ser lleva-
das a volumen con agua ultrapura.

— Zn en orinay plasma: Las determinaciones de Zn
se efectuaron realizando las diluciones adecuadas con
agua ultrapura. El contenido de Zn se midi6 por espec-
trofotometria de absorciéon atémica (VARIAN,
SPECTR AA 220), con ldmpara de deuterio para
correccion de fondo y llama de aire-acetileno. Las con-
diciones de lectura fueron: 213,9 nm; slit: 1,0 nm;
corriente de ldmpara: 5,0 mA'". Rango de lectura: 0,25
a 1,5 mg/L (r=0,9753); Se utilizaron Estandares Certi-
ficados para Zn (Riedel de Haen, Fixanal, cédigo
498582). Los controles Interlaboratorio se realizaron
en la Network EQAS Organizers (Consejeria de Indus-
tria, Trabajo y Desarrollo Tecnoldgico), Direccién
General de Trabajo, Centro de Seguridad y Salud en el
Trabajo. Gobierno de Cantabria, Santander Espaiia.

Todas las determinaciones de Zn se realizaron por
triplicado y las diluciones correspondientes se leyeron
por duplicado. Todo el material utilizado fue tratado
durante 24 horas con una solucién de 4cido nitrico al
20% y posteriormente lavado 6 veces con agua desti-
lada y 6 veces con agua ultrapura (Easypure RF, com-
pact ultrapure water system, Barnstead MQ-cm).

Determinacion de PCR, IL-6 y receptor soluble
de Interleuquina-6 en suero

La Proteina C-Reactiva ultrasensible (PCR us) se
determiné por inmunoturbidimetria. La Interleuquina-
6 y receptor soluble de Interleuquina-6, mediante
metodologia de ELISA (Anogen). Para IL-6 se utiliza-
ron 100 pL de muestra; el rango de la determinacion
fue de 15 a 1.500 pg/ml con un tiempo de incubacién 3
horas; la sensibilidad fue menor de 2 pg/ml. Para sRIL-
6 se utilizaron 150 uL. de muestra; el rango de la deter-
minacién fue de 0 a 2.000 pg/ml, con un tiempo de
incubacién 3 horas; la sensibilidad fue menor de 7
pg/ml.
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Tabla IT
Valores de los pardametros bioquimicos a To y Tf

Determinaciones Valores promedio £ DEy rangos

bioquimicas de referencia To Tf

ZnPl pg/dl 49-131 104 +46 (35-177) 120 £ 55 (52-229)
IL-6 pg/mL <10 113+ 108 (10-427) 115+ 175 (7-761)
sIL-6R pg/ml 15-48 1.210 £ 875 (589-4.385) 1.275+£437 (631-2.195)
PCR us mg/L <3 71+£63(2-196) 6641 (3-137)

Andalisis estadistico

Los datos descriptivos se expresaron como promedio
* desvio estandar (DE), minimo y médximo. La compara-
cién de medias se realizé mediante el test no paramétrico
de Mann-Whitney. Se aplicé test de ANOVA, andlisis de
regresion y correlacion simple, cuando fue necesario, con
un nivel de confianza de 95%. Las comparaciones se
efectuaron a través del método de Kruskal-Wallis,
empleando el test de Student-Newman-Keuls".

Resultados

La cantidad promedio de Zn administrada diaria-
mente a los pacientes, calculada teniendo en cuenta los
datos obtenidos al determinar la concentracion de Zn
en las NPT y los volimenes diarios administrados, fue
(promedio £ DE y rangos): 6,1 £2,0 (2,8 a 10,8) mg/d.
En todos los casos, las cantidades administradas de Zn
en las NPT fueron entre 140% y 360% superiores a las
prescriptas por el médico: 4,0 £ 1,2 (2,0 a2 6,0) mg/d.

Los resultados (promedio + desvio estdndar y ran-
gos, entre paréntesis) de los parametros bioquimicos a
To y Tf figuran en la tabla II. En la misma tabla se han
colocado los valores de referencia de las determinacio-
nes realizadas.

En la figura 1 se pueden observar los valores indivi-
duales de Zn plasmatico al inicio (To) y al final (Tf) de
la NPT y se han sefialado con lineas horizontales los
valores de referencia (de individuos sanos de Buenos
Aires, Argentina, con adecuacién nutricional)®. De
acuerdo al promedio y rango de dichos valores de refe-
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Fig.2—PCR a To y Tf por paciente y patologia, las flechas in-
dican los pacientes que fallecieron.

rencia, existié una gran dispersion de los datos. A To, 2
pacientes (12%) presentaron valores de ZnPI ligera-
mente bajos; 5 pacientes (29%) presentaron valores
altos y el resto (59%) valores normales. A Tf, el ZnPl
present6 valores francamente altos en 7 pacientes
(41%) y valores normales en el 59% restante.

Los valores individuales de PCR a To y Tf demostra-
ron que solo un paciente presenté niveles normales (< 3
mg/L) (fig. 2), siendo altos y variables en el resto de los
casos. Los pacientes con cancer fueron los que presenta-
ron los valores mas elevados a To. La evolucién, entre To
y Tf, evidencié que, durante la administracién de la NPT,
en 5 pacientes los valores de PCR disminuyeron y en 7 se
incrementaron. Los valores de los 3 pacientes con PCR
muy elevada a To disminuyeron a Tf, pese a que se man-
tuvieron muy elevados, y 2 de ellos fallecieron.

En la figura 3 se han representado los valores indivi-
duales de IL-6 a To y Tf. Los valores de IL-6 a To en
todos los pacientes, excepto en uno, fueron superiores
al valor normal (10 pg/mL). A Tf la IL-6 disminuy6 en
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Fig. 1—Zn Pl a To y Tf por paciente y patologia, las flechas in-
dican los pacientes que fallecieron.

Fig. 3—L-6 a To y Tf por paciente y patologia, las flechas in-
dican los pacientes que fallecieron.
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9 pacientes y aument6 en 7. De aquellos que aumenta-
ron, 3 presentaron valores muy altos (147 a 761 pg/ml)
y 2 de estos ultimos fallecieron.

En la figura 4 se han representado los valores indi-
viduales de sIL-6R a To y Tf. Los valores de sIL-6R
fueron elevados en todos los pacientes tanto a To
como a Tf. Se debe destacar que fallecieron 2 pacien-
tes de los 4 que a Tf presentaron los valores mas
bajos (631 a 874).

Los niveles de IL-6 correlacionaron positivamente
con los de PCR tanto a To como a Tf, aunque las pen-
dientes fueron diferentes (fig. 5) y las variaciones de
IL-6 mostraron una significativa correlacién inversa
con las variaciones de PCR (r=-0,55; p=0,010).

La variacion de IL-6 en funcién del Zn en la NPT
(mg/d) mostré una débil correlacién inversa (r = -
0,406; p = 0,08) con el Zn administrado en la NPT, en
elrango de 2,8 a 10,8 mg/d (fig. 6).

Discusion

La cantidad promedio de Zn administrada diaria-
mente a los pacientes, en las mezclas de NPT prepara-
das, fue entre 140% y 360% superior a la prescriptas
por el médico. Estos datos concuerdan con otros auto-
res'®, y con nuestros resultados previos que demostra-
ron contaminacion no prevista ni declarada en los com-
ponentes individuales utilizados para la elaboracién de
las mezclas de NPT*. Esos resultados evidenciaron Zn
en 16 componentes (especialidades medicinales de
laboratorios nacionales, de Estados Unidos y Alema-
nia), con valores variables segun el fabricante, la fecha
de fabricacién y el lote de cada producto. La solucién
de dextrosa y los lipidos presentaron las mayores canti-
dades de contaminacion con Zn y todas las soluciones
de sulfato de cobre (n = 6) contenian Zn, no declarado
en los rétulos. Por lo tanto, las mezclas de NPT de pres-
cripcién habitual en Argentina alcanzan una concentra-
cion final de Zn superior a la prescripcion médica, a la
cantidad colocada por los farmacéuticos segun la infor-
macion de los rétulos, y a las recomendaciones interna-
cionales. Esas cantidades halladas de Zn no produci-
rian inconvenientes en pacientes clinicamente estables,
pero deberian ser tenidas en cuenta en aquellos con
enfermedades inflamatorias, insuficiencia renal, alte-
racién hepdtica o colestasis.

En la figura 1 se puede observar que al inicio de la
NPT (To), los niveles de Zn plasmatico (ZnPl) fueron
sumamente variables, indicando la respuesta indivi-
dual de redistribucién del Zn corporal de cada
paciente a consecuencia del estrés de su patologia y,
en algunos casos, de la cirugia. En el caso de pacien-
tes graves, la presencia de infeccién, inflamacion y
dafio tisular producen captacién de Zn por el higado,
médula ésea y timo, disminuyendo el Zn en plasma
para favorecer la liberacién de citoquinas (factor de
necrosis tumoral, IL1, IL6) y proteinas de fase
aguda?'. Por ello, se han documentado valores bajos
de ZnPI en pacientes graves, debido a dichas altera-
ciones metabdlicas, que no indican riesgo de deficien-
cia clinica. Sin embargo, a pesar de las patologias y la
gravedad de los pacientes estudiados en este trabajo,
s6lo 2 de ellos presentaron a To valores de ZnPl infe-
riores al rango de normalidad, 5 fueron altos y el resto
presentd valores normales. Ademds, a Tf, solo 1
paciente present6 valores ligeramente inferiores al
rango de normalidad y 7 pacientes valores muy eleva-
dos, manteniéndose en valores normales en el resto.
Estos resultados de los valores de ZnP1 estarian indi-
cando que no existi6 deficiencia de Zn previa a la
administracion de la NPT. Los niveles elevados de
ZnP1 a Tf podrian indicar un exceso en la cantidad
administrada en la NPT, con la posibilidad de que se
presenten efectos adversos. Estos efectos adversos
deben ser evitados para no comprometer la recupera-
cidén del paciente grave, ya que el exceso de Zn pro-
duce supresion de la respuesta inmune y deterioro del
estado nutricional con respecto al Cu y al Fe®.
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Durante el tratamiento con NPT, no se evidencid
correlacion entre las variaciones de los valores de ZnPl
y el Zn administrado en la NPT. Por consiguiente, los
niveles plasmadticos de Zn no constituyeron un indica-
dor adecuado para establecer las dosis de Zn a prescri-
bir en la NPT del paciente grave. Sin embargo, a Tf los
pacientes con valores altos no normalizaron sus niveles
plasméticos, posiblemente por haber recibido cantida-
des superiores a las prescriptas (promedio 6,9 mg/d),
debido a la contaminacion no prevista de los compo-
nentes utilizados para la preparacién. Por consiguiente,
los niveles plasmaticos de Zn en funcién del Zn admi-
nistrado en la NPT, no constituyeron un indicador ade-
cuado para establecer las dosis de Zn a prescribir en la
NPT del paciente grave, tal como de evidencié en una
publicacion previa donde se estudiaron 29 pacientes
criticos®.

Con el objetivo de visualizar si existia una exacerba-
cion de la respuesta de fase aguda de los pacientes gra-
ves estudiados de acuerdo a la concentracion de Zn en
las mezclas, se evalud la respuesta del proceso inflama-
torio y la evolucion de los pacientes, a través de los
niveles de la PCR, de IL-6 y del sIL-6 R, analizando las
interrelaciones entre las variaciones de dichos indica-
dores y las dosis de Zn administrado, durante el peri-
odo que recibieron la NPT.

La liberacién de IL-6 se debe al aumento de activi-
dad del sistema monocito-macréfago, aunque podria
haber otros lugares de sintesis de IL-6 como los fibro-
blastos, las células endoteliales o los adipocitos®. Otros
trabajos en pacientes con procesos inflamatorios gra-
ves (artritis reumatoidea) han evidenciado que la libe-
racién de IL-6 precede a la de PCR y favorece su libe-
racion®, indicando que la IL-6 es indicador de
prondstico de evolucién, mientras que la PCR indica el
mantenimiento del proceso inflamatorio. En pacientes
con pancreatitis aguda también se ha comprobado que
el aumento de los niveles de IL-6 precede a la libera-
cién de PCR vy, por lo tanto, es mejor predictor de evo-
lucién que la proteina C-Reactiva®.

Los resultados del presente trabajo concuerdan con
los trabajos mencionados. La correlacién positiva entre
los niveles de IL-6 y los de PCR a To y a Tf indican que
ambos indicadores evolucionaron en el mismo sentido
durante todo el periodo de tratamiento de los pacientes
graves con NPT. Por otra parte, la mayor pendiente a
To que a Tf indica que la PCR disminuy6 mas rapida-
mente que la IL-6 y, explican la correlacion inversa
entre las variaciones de PCR vy las variaciones de IL-6
(r=-0,55; p=0,010). Los 2 pacientes que fallecieron
presentaron un gran incremento de la IL-6 entre To y
Tf, pero la PCR disminuy6 aunque se mantuvo en valo-
res elevados, lo que demuestra que el aumento de los
niveles de IL-6 precede a la liberaciéon de PCR y, por lo
tanto, es mejor predictor de evolucién que la proteina
C-Reactiva.

Los 2 pacientes que presentaron muy mala evolu-
cidén clinica, incrementaron mas de 4 veces los niveles
de IL-6 y fallecieron, a pesar de haber recibido sola-

mente entre 2,8 y 5,2 mg de Zn por dia (incluida la con-
taminacion). Los pacientes con evolucion clinica favo-
rable presentaron a Tf en el 60% de los casos una dis-
minucién de los niveles de IL-6, y los restantes
pacientes presentaron leve aumento de la respuesta de
laIL-6, atin recibiendo hasta 8,4 mg de Zn/d.

LaIL-6 transmite las sefiales a las células mediante 2
mecanismos: 1) uniéndose al receptor en la superficie
celular, en hepatocitos, monocitos, macréfagos y algu-
nos monocitos; 2) mediante la forma soluble del recep-
tor (sIL-6R) que interviene en la transduccién de la
sefial para ejercer su accion en las células que no tienen
receptores transmembrana, como las articulaciones o
en otras células involucradas en la respuesta inflamato-
ria. En pacientes con artritis reumatoidea se ha eviden-
ciado que la IL-6 y su receptor son mediadores claves
en la respuesta sistémica y en las manifestaciones loca-
les de esa patologia, lo cual ha llevando a ensayar blo-
queadores del receptor (sIL-6R) para controlar la
enfermedad®.

En este estudio los dos pacientes que presentaron
mala evolucion clinica, tuvieron niveles altos de sIL-
6R a To y se mantuvieron elevados a Tf, lo cual indica
que el receptor soluble también se comporta como un
indicador de gravedad. Se debe destacar que, si bien
todos los valores del sIL-6R se mantuvieron altos, 4
pacientes tuvieron valores mas bajos a Tf y 2 de estos
ultimos fueron los que fallecieron.

Pese a que durante el tratamiento con NPT, no se
evidenci6 correlacion entre las variaciones de los valo-
res plasmaticos de Zn (ZnPl) y el Zn administrado en la
NPT, existio una correlacion inversa entre las variacio-
nes de IL-6 y las del SIL-6R con las variaciones de ZnPl
(r=-0,486; p=0,04 y r=-0,542; p = 0,04, respectiva-
mente). Estos resultados estdn de acuerdo con la hipd-
tesis de que la disminucién de los niveles de ZnPl
durante los procesos inflamatorios es consecuencia del
pasaje del Zn a los tejidos para la formacién de citoqui-
nas (IL-1, IL-6 y FNT) como proteinas de fase aguda.
Ademds, se confirma lo evidenciado en un trabajo pre-
vio donde hemos demostrado que las determinaciones
de zinc eritrocitario serian de mayor utilidad que el Zn
plasmadtico para controlar los niveles de zinc adminis-
trados en la nutricién parenteral a pacientes graves®.

Por otra parte, la correlacién inversa entre la variacion
de IL-6 y la cantidad de Zn administrado en la NPT en el
rango de 2,8 a 10,8 mg/d de Zn en la NPT, indica que 6
pacientes que recibieron entre 2,4 y 6 mg de Zn/d pre-
sentaron aumento de la IL-6 y que los pacientes que reci-
bieron entre 6 y 10,8 mg de Zn/d disminuyeron en todos
los casos los niveles de IL-6 lo que es prondstico de
buena evolucion. Por lo tanto, esos pacientes que reci-
bieron las mayores dosis de Zn, hasta mas de 3 veces la
cantidad prescripta en las NPT (10,8 mg/dia, por la pre-
sencia de contaminacién no contemplada), no mostraron
un efecto perjudicial en la evolucién de los indicadores
de la respuesta inflamatoria, lo cual indica que las canti-
dades de Zn administrado no fueron excesivas. Estos
resultados estdn de acuerdo con evidencias acerca del

Zinc, interleuquina-6, receptor soluble
de interleuquina-6 y proteina C reactiva,
en pacientes con nutricion parenteral
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efecto beneficioso, en pacientes con catabolismo
aumentado, de un adicional de 2 a 4 mg/dia de Zn sobre
las recomendaciones estandar®.

Por otra parte, en estos pacientes graves, las pérdidas
urinarias fueron muy variables y presentaron una gran
dispersion: promedio + DE de 2,2 £1,7 mg/d, oscilando
entre 0,3 y 4,4 mg/d. Por lo tanto, cantidades entre 8,1 y
10,8 mg/dia de Zn, que son la suma del prescrito mas el
de la contaminacidn (de los componentes), podrian ser
necesarias en algunos pacientes graves para compensar
las pérdidas urinarias.

Conclusiones

1) A pesar de los recaudos para prescribir a los
pacientes la dosis recomendada de Zn (2,5-5 mg/d), las
cantidades administradas en las NPT fueron superiores
a las prescriptas, debido a la contaminacién inevitable
de las materias primas.

2) Teniendo en cuenta que los pacientes estudiados
padecian diferentes patologias y que, la respuesta de
los indicadores bioquimicos determinados fue variable
ante diferentes cantidades de Zn administrada, podria-
mos concluir que:

» La correlacién inversa entre la variacién de IL-6 y
las cantidades de Zn administrado en la NPT indi-
carfa que entre 4,6 y 10,8 mg de Zn/dia serian can-
tidades adecuadas para los pacientes estudiados
con evolucion favorable, ya que en ese rango exis-
ti6 una disminucion de la IL-6.

» Los pacientes estudiados, excepto 2 que fallecie-
ron, tuvieron evolucion favorable a pesar de pre-
sentar elevados niveles de IL-6, sIL-6R y de PCR,
debido a la persistencia de la gravedad del proceso
inflamatorio.

* En el caso de los pacientes graves con NPT las
dosis 6ptimas de Zn a administrar, oscilarian entre
6y 10 mg/d, dado que no existid respuesta indese-
able en ninguno de ellos. Ademads, considerando la
contaminacién inevitable de los componentes uti-
lizados en la preparacion de la NPT, los médicos
deberian prescribir cantidades de Zn de 4,2 a 7
mg/dia en el caso de los pacientes criticos.
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Abstract

Background: There are few data on trends in home
enteral nutrition (HEN) practice in different countries.
NADYA is the Spanish home artificial nutrition (HAN)
group, and is responsible for the Spanish HAN registry.

Method: We performed a 16-year retrospective study
(1992-2007) of the Spanish HEN registry by retrieving
data from the NADYA database and from publications of
the working group. People receiving more than 1000
kcal/d with an enteral formula were included regardless
of the access route (oral/tube feeding).

Results: The number of patients registered increased
more than 8 times during the study period: the current
prevalence is 113 patients/10° inhabitants (oral and tube
feeding), or 41 patients/10¢ inhabitants (tube feeding). The
distribution of the patients was not uniform, and most came
from six autonomous communities (Catalonia, Galicia,
Castilla-Leon, Madrid, Andalusia and Extremadura). Gen-
der distribution was nearly 1:1. The number of paediatric
patients was very low, representing less than 10% of the
total. Mean age in adults was above 65 years in most of the
reports. We observed an increase in the age of the patients
over the years. The most common underlying diseases were
neurological disorders, followed by cancer. We observed an
increase in the use of the oral route, from 5.8% in 1992 to
64% in 2007, with a parallel decrease in the use of nasogas-
tric tubes. Gastrostomy tubes were used in 15-20% of the
patients. The number of complications was low (less than
one complication/patient/year), the most frequent being
change of tube, followed by gastrointestinal complications.
The principal reasons for discontinuing treatment were
death related to the underlying disease (40-50 %) and switch
to oral diet (30-40%). Most of the patients (75%) were fol-
lowed by the hospital nutrition unit. Provision of the enteral
formula and disposables varied according to the
autonomous community. Most of the patients had limited
physical activity or were chair- or bed-bound, requiring
partial or total help in their daily life.
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TENDENCIAS EN NUTRICI_()N ENTERAL
DOMICILIARIA EN ESPANA; ANALISIS
DEL REGISTRO NADYA 1992-2007

Resumen

Introduccion: Existen pocos datos sobre la evolucion de
la practica de la nutricion enteral domiciliaria (NED) en
diferentes paises. NADYA es el grupo de trabajo espanol
de nutricion artificial domiciliaria (NAD), y es responsa-
ble del registro espanol de estos pacientes.

Métodos: Realizamos un estudio retrospectivo de los
dltimos 16 anos (1992-2007) del registro espanol de NED
utilizando la base de datos de NADYA y las publicaciones
del grupo de trabajo. Se incluyeron aquellos pacientes
que recibieron mas de 1000 kcal/d de una férmula ente-
ral, independientemente de la via de acceso (oral/sonda).

Resultados: El niimero de pacientes registrados se mul-
tiplicé por ocho durante el periodo de estudio: prevalen-
cia actual 113 pacientes/10°habitantes (oral y sonda), o 41
pacientes/10¢habitantes (sonda). La distribucion de los
pacientes no fue uniforme, y la mayoria pertenecian a seis
comunidades auténomas (Cataluna, Galicia, Castilla-
Ledén, Madrid, Andalucia y Extremadura). La distribu-
cion por sexo fue casi 1:1. El nimero de pacientes pedia-
tricos fue muy bajo, representando menos del 10% del
total. La edad media de los adultos fue superior a 65 afos
en la mayoria de los registros. Observamos un incre-
mento en la edad de los pacientes a lo largo de los anos de
estudio. Las enfermedades mas prevalentes fueron las
neurologicas, seguidas del cancer. Observamos un
aumento del uso de la nutricion enteral oral, de 5,8% en
1992 a 64% en 2007, con un descenso paralelo del uso de
las sondas nasogastricas. La gastrostomia se utilizo en el
15-20% de los pacientes. El nimero de complicaciones
fue bajo (menos de una complicacién/paciente/ano),
siendo la mas frecuente el cambio de la sonda, seguida de
las complicaciones gastrointestinales. Las principales
razones de finalizacion del tratamiento fueron la muerte
relacionada con la patologia de base (40-50%) y el paso a
la alimentacion oral (30-40%). La mayoria de los pacien-
tes (75%) fueron seguidos por las unidades de nutricion
de los hospitales. El suministro de la formula de nutricion
enteral y el material fungible varié dependiendo de las
comunidades autonomas. La mayoria de los pacientes
tenian limitada su actividad fisica o estaban confinados a
camal/sillon, y requerian ayuda total o parcial para las
actividades de la vida diaria.
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Conclusions: The use of HEN has increased dramati-
cally in the last 16 years in Spain. Most of the patients reg-
istered were elderly people with neurological disorders
and limited physical activity. The oral route was the most
frequently used. The number of complications was low.
The mortality rate in these patients was highly related to
the underlying disease.

(Nutr Hosp. 2009;24:347-353)

Key words: Home enteral nutrition. Registry. Complica-
tions.

Introduction

Home enteral nutrition (HEN) is defined as the pro-
vision of enteral diets as the main source of daily intake
at home. However, there is little agreement about what
constitutes HEN. In one European survey, three coun-
tries (Italy, France, United Kingdom) considered only
tube feedings covering > 75% of requirements as
enteral nutrition, and six countries considered both
tube and oral feedings covering > 75% requirements as
enteral nutrition (Belgium, Czech Republic, Denmark,
Israel, Poland, Spain). In two countries (Austria, Croa-
tia), any kind of enteral diet or supplement was consid-
ered as enteral nutrition.'

The use of HEN has increased enormously in the last
few decades,?? triggering the development of specific
legislation, guidelines and national registries in many
countries.'

The Spanish home artificial nutrition (HAN) group,
NADYA, was established in 1992 by health care profes-
sionals working with artificial nutrition.* One of the aims
of the group has been the maintenance of a voluntary reg-
istry, which is accessible at www.nadya-senpe.com.

We now have an extensive database on the practice
of HAN in Spain. Since 1994, the annual registries of
patients on HAN have been published periodically
(with the exception of 1997 and 1998), and we have
observed an increase in the number of patients regis-
tered.”'* In 2006 we reviewed the progress of home par-
enteral nutrition (HPN) through this registry.”* In this
article, we present trends in HEN practice in Spain dur-
ing this period.

Material and methods

We performed a 16-year retrospective study (1992-
2007) evaluating the characteristics of patients receiv-
ing HEN in Spain. The data were extracted from the
NADY A registry, and most are available in yearly pub-
lications.”'* The NADYA registry is voluntary and
depends on the goodwill of reporters; therefore, real
data may be underreported.

In1992, our group performed a national survey on
HEN practice.'® The first registry was conducted in

Conclusiones: El uso de la NED ha aumentado mucho
en los dltimos 16 anos en Espana. La mayoria de los
pacientes registrados eran ancianos con enfermedades
neuroldgicas y con una limitada actividad fisica. La via
oral fue la mas empleada. El niimero de complicaciones
fue bajo. La mortalidad de estos pacientes se relacion6
principalmente con la enfermedad de base.

(Nutr Hosp. 2009;24:347-353)

Palabras clave: Nutricion enteral domiciliaria. Registro.
Complicaciones.

19945 and yearly thereafter, except for the years
1997-1998 (not available). Data from the years 2004
and 2005 are partial because of changes in the orga-
nization of the registry."” Data included personal
information, underlying disease, type of enteral
access, length of treatment, complications, outcome,
HEN providers, physical activity, and patient auton-
omy. As the data from the previous year were filled
out at the end of the current year, the prevalence was
calculated annually.

Data recording in the initial registry was on paper
until 1998, when an on-line reporting system was set
up on the group’s website, thus providing reporting
physicians with direct individual access to the registry.
The patients included in the registry were those receiv-
ing more than 1,000 kcal/d with an enteral formula
regardless of the access route (oral/tube feeding).

In 2005, the registry was updated to meet the stipula-
tions of Data Protection Law 15/1999, and changes
were made: the number of items was reduced in order
to increase the participation of the investigators."” Fur-
thermore, in the updated version, data can be entered at
any time, and are available until the investigator closes
the enteral episode.

Results
Period prevalence 1992-2007

The number of patients registered increased more
than 8 times during the study period (fig. 1). In 2007,
the prevalence was 113 patients/10° inhabitants
(including oral and tube feeding), or 41 patients/10°
inhabitants (including only tube feeding)." The num-
ber of reporting centres during this period varied from
17 in 1994 to 28 in 2007.

In the period 2004-2005 there was a decrease in the
number of patients registered due to the changes in the
working of the registry.

Interestingly, the distribution of patients throughout
Spain in not uniform (fig. 2). The available data from
10 of the 17 autonomous communities show that most
patients were in six communities (Catalonia, Galicia,
Castilla-Ledn, Madrid, Andalusia, Extremadura).
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Fig. 1 —Evolution of the number of patients in the NADYA-HEN
registry during the period 1992-2007.

Gender distribution was nearly 1:1, and the number
of paediatric patients was very low (less than 10% of
the registry). The mean age in adults is above 65 years
in most reports (68 yrs in 2007); in children it is 4-6
years (4.2 yrs in 2007). Age tended to increase during
the study period: people older than 74 years made up
26% of the study population in 1994, compared with
42% in 2007.

Underlying disease

Neurological disorders and cancer were the two
most prevalent diagnoses, affecting nearly 70% of the
patients (table I). In the last few years of the study
period, we observed an increase in the number of

patients with neurological diseases over cancer, proba-
bly as a result of the older age of the patients registered.
Gastrointestinal diseases (eg, inflammatory bowel dis-
ease, motility disorders, malabsorption, ischemia, and
radiation enteritis) represented less than 5%. During
the last 5 years, HIV infection was present in very few
patients.

Enteral access route

There was a large increase in the use of the oral route
during the study period, from 5.8% in 1992 to 64% in
2007, with a parallel decrease in the use of nasogastric
tubes, from 68.8% in 1992 to 26% in 2007. Gastros-
tomy tubes were used in 15-20% of patients, represent-
ing 25% of non-oral accesses. Jejunostomy tubes were
used in 2% of patients.

Length of treatment

We observed an increase in the length of treatment
from 6.3 months in 1994 to 9.4 months in 2007. Before
the modification of the registry in 2005, the duration of
treatment was < 3 months in ~30% of patients and
between 3 and 5 months in 20%. This trend changed
during the last few years of the study.

Complications
All the data on complications come from the old reg-

istry (table II). In general, patients had less than one
HEN-related complication per year. The most frequent
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Table I
Diagnosis of patients requiring HEN in the NADYA registry (data are expressed as a percentage)

Cancer Neurological disorders Gastrointestinal diseases AIDS Other diagnosis
1992 45 32 8 15
1994 36 35 7.6 1 214
1995 41 335 5.7 29 16.9
1996 39 33 5 3 20
1999 36.8 37.5 5.5 3.6 16.6
2000 32 41 4 23
2001 335 43.5 4 3 16
2002 35 39 3 3 20
2003 39 37.4 23.6
2004 29 40 4 - 27
2005 30 41 5 - 24
2006 28 42 4 - 26
2007 28 37 4 - 31

was the change of enteral tube, followed by gastroin-
testinal complications (diarrhoea, constipation).

Outcome

Until 2003, between 30% and 40% of patients were
weaned from HEN during the year. This percentage
fell towards the end of the study probably due to misre-
porting of data (ie, the investigators did not close the
episodes). The principal reasons for discontinuing
treatment were death related to the underlying disease
(40-50%) and progress to oral diet (30-40%). Approxi-
mately 10-15% patients were lost to follow-up.

Follow-up and delivery of treatment
In 75% of patients, follow-up was performed by the

hospital nutrition unit and in 10-15% by the home hos-
pitalization units.

The enteral formula was provided by the hospital
and private pharmacies, depending on the area. The
type of formula was recorded until 2003, and poly-
meric formulas were the most commonly used (85%).
The disposables were mainly provided by the hospi-
tals. Enteral pumps were used in only 10% of patients.

Physical activity and autonomy

Most of the patients were limited in their physical
activity (30%), or were chair- or bed-bound (40%).
Very few patients were unconscious (1%). Most adult
patients required partial (28%) or total help (39%) in
their daily activities.

Discussion

We describe HEN practice in Spain over a 16-year
period. The information we provide is useful, given

Table IT
Complications of HEN (complications/patient/year)
Total number Mechanic Metabolic Gastrointestinal Tube change
1992 0.18
1994 0.07 0.04 0.005 0.002
1995 0.5 0.09 0.003 0.17 0.23
1996 0.74 0.19 0.01 0.28 0.28
1999 0.62 0.12 0.01 0.26 0.25
2000 0.75 0.19 0.007 0.25 0.3
2001 0.15 0.16
2002 0.85 0.19 0.078 0.25 0.32
2003 0.63 0.14 0.02 0.19 0.28
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that HEN has received less attention in the literature
than HPN.

We observed an enormous increase in HEN during
the study period. This increase is the result of the devel-
opment of the enteral industry (including new enteral
formulas, many of them for oral use, and improve-
ments in enteral access) and legislation on HEN, and a
growing awareness of the importance of malnutrition
in the prognosis of illness.

HEN was first approved in Spain in 1998 for people
incapable of covering their daily requirements by oral
diets.'s Enteral feeding (generally by tube) is publicly
financed for a long list of diseases. Legislation has
recently been modified,” and in 1998, a group of
experts on HEN and the Ministry of Health developed
national guidelines,” which have recently been
updated.”!

As the NADYA registry is voluntary, we are aware
that it could underestimate the number of patients on
HEN in Spain. This is clearly visible from the map of
the Spanish autonomous communities (fig. 2). The dif-
ferent systems for organizing HEN make follow-up
easier to perform in some autonomous communities
(for example Catalonia and Galicia).

Our data show that the prevalence of HEN is 113
patients/10° inhabitants (including oral and tube feed-
ing), or 41 patients/10° inhabitants (including only tube
feeding). Except for 5 autonomous communities (Cat-
alonia, Galicia, Castilla-Leén, Madrid, Andalusia), this
prevalence is lower than observed in other studies per-
formed in different areas of Spain.

In Valladolid, de Luis et al reported an incidence of
95-265 patients/10°¢ inhabitants in the period 1999-
2004. In Galicia, the prevalence found in a multicentre
study in 1998-1999 was much higher (1,034 cases/10°
inhabitants).”? Although several studies have shown an
increase in HEN in other areas of Spain, prevalence is
unknown.2¢

In Europe, the prevalence of HEN is also unknown.
One European survey in 1999, reported the median
annual incidence to be 163 patients/10° inhabitants/
year (range 62-457).> The British registry, which
includes only people on tube feeding, reported 24,203
adult patients (prevalence 404 cases/million) and 5,831
children in 2007.” In Germany, the number of patients
on HEN is unknown, but probably exceeds 100,000
cases.” An Italian survey in 2005 showed a prevalence
of 128 cases/million.” In a recent report from North-
east Italy, the mean incidence and prevalence of HEN
during 2001-2005 were 308.7 and 379.8 cases/million,
respectively.® In the United States, there were 152,000
patients on HEN in 1992, with a prevalence of 415
cases/million during 1989-1992.2

Neurological disorders and cancer are the most fre-
quent indications for HEN in our registry. The first has
increased over the years, probably as a result of aging
of the population. These data are similar to those from
two studies performed in Galicia,??! but differ from
those reported in the study from Valladolid,” in which

head and neck cancer was the most common underly-
ing disease (43.8%), and neurological disorders repre-
sented only 9.6%, probably as a result of the younger
age of the patients included (mean age 56.4 yrs).

In the European survey, the most frequent diagnoses
were neurological disorders and head and neck cancer.?
In the British registry, which includes patients with
very similar characteristics to ours, neurological disor-
ders were also the most frequent diseases.?” In Italy,
most patients on HEN had neurological disorders.** In
the North American Home Parenteral and Enteral
Nutrition Registry 1985-1992, the most frequent diag-
nosis was cancer (40%) followed by dysphagia (30%).2
More recent data from Denver on 17,014 patients
(mean age 46.6 years) followed from 1998 to 2002
showed that the most common indications were gas-
trointestinal diseases, malnutrition, and diseases of the
esophagus.” The indication for HEN is clearly shown
to depend on the characteristics of the patients (mainly
age).

In our series, oral enteral feeding was the most fre-
quently used approach, especially in the latter part of
the study, as a result of the enormous increase in the
availability of oral formulas during this period. This
mirrors the results of the studies from Galicia®**!' and
Valladolid,” but differs from the practice in areas
where oral enteral feeding is not reimbursed** and the
patients are not included in the national registries.>?

The use of gastrostomy tubes in our series was very
low (15-20%) —25% of non-oral feedings— espe-
cially taking into account the age of the patients and the
underlying disease. This percentage is similar to that
observed in studies from other areas of Spain,?#*! but
differs from those reported in other countries (58.2% of
gastrostomies in the European survey, 83% in the
British registry).>”” However, in the study from North-
east Italy, most patients were fed by nasogastric tube.®
In the United States, gastrostomies are probably
overused because Medicare only finances HEN treat-
ment lasting more than 3 months.* In addition, these
tubes are currently very common in nursing homes.* In
1989, 15,000 percutaneous endoscopic gastrostomy
(PEG) tubes were used; in 2000, this figure had risen to
more than 216,000 tubes. Approximately 30% were
used in patients with dementia.*

Although gastrostomy is indicated in long-term
enteral feeding because of its safety and patient com-
fort,* there are many doubts over its benefits in some
cases, especially in patients with advanced demen-
tia.36'37

The number of complications in our registry was
low, the most frequent being change of the feeding
tube. This could be avoided by the use of gastrostomy
in some cases. Our complication rate is similar to those
of other studies performed in Spain®?3!% and else-
Where.2.39.40

The increase in the length of treatment over the years
in our series is probably unreal and may reflect misre-
porting of the weaning process during follow-up in the
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new registry. The most frequent reasons for discontinu-
ing treatment were death and progress to oral diet, as
occurred in other series.>*?* [t is important to note that
mortality is very high (20% mortality 1 month after start-
ing treatment) despite appropriate selection of patients,*
and mostly depends on age and underlying disease.?2#43

In our experience, HEN was used in elderly people
(most of them chair- or bed-bound) who required par-
tial or total help in their daily activities. These features
are common in the British registry.”

The organization of HEN in Spain differs according
to the autonomous community. While the enteral for-
mula and disposables are provided by the hospital (or
directly delivered to the patient’s home through agree-
ments with the enteral feeding industry) in Galicia and
Catalonia, in the rest of the country the formula is pro-
vided by private pharmacies and the disposables by the
hospital or primary care centers.

As this treatment is financed by the National Health
Services in many countries, it is important to establish
its cost-effectiveness. HEN costs about a tenth of HPN.
In a recent report from Elia et al,* the cost per quality
adjusted life years in patients receiving long-term
enteral tube feeding in their own home was £ 12,817.
This cost compares favourably with other forms of
intervention, and is well within the typical range of the
interventions recommended by the National Health
Service in many countries.

We can conclude that HEN is a safe, cost-effective
treatment, which has become increasingly used in the
last 20 years in Spain and in other western countries.
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Severe hypocalcemia secondary to hypomagnesaemia, successfully treated
by self-administered subcutaneous magnesium
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Abstract

We report the case of a patient with recurrent severe
hypocalcemia, secondary to hypomagnesaemia, and pre-
renal renal failure, due to ileostomy losses after a
colectomy, who needed several admissions to the hospital
through more than one year. Finally, he was successfully
treated by self-administered subcutaneous magnesium:
he reached and maintained normal levels of serum cal-
cium, magnesium and PTH, no more hospital admission
were needed and he resumed a normal life.

(Nutr Hosp. 2009;24:354-356)

Key words: Hypocalcemia. Hipomagnesaemia. Self admi-
nistration. Magnesium.

Introduction

Hypocalcemia is an important clinical entity which
causes abnormal neurological sensations and neuro-
muscular hyperexcitability.! One of the causes of hypo-
calcemia is hypoparathyroidism, which can be secon-
dary to hypo- magnesaemia.! Magnesium deficiency
due to gastrointestinal disease is usually treated with
oral supplements. Some patients who do not need
parenteral nutrition suffer chronic and recurrent fluid
and electrolyte depletion despite oral supplementation,'
so that they need parenteral magnesium supplementa-
tion. We report the case of a patient with recurrent
severe hypocalcemia secondary to hypomagnesaemia
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HIPOCALCEMIA SEVERA, SECUNDARIA
A HIPOMAGNESEMIA, TRATA DA CON EXITO
MEDIANTE AUTO-ADMINISTRACION
SUBCUTANEA DE MAGNESIO

Resumen

Se trata de un paciente con hipocalcemia severa recu-
rrente, secundaria a hipomagensemia, y fracaso renal
agudo prerrenal secundario a perdidas digestivas a través
de una ileostomia, tras una colectomia. Por este motivo
necesito varios ingresos hospitalarios a lo largo de mas de
un ano. Finalmente fue tratado con éxito mediante auto-
administracion subcutanea de magnesio. Con este trata-
miento mantuvo niveles nornmales de calcio, magnesio y
PTH, no requirié mas ingresos hospitalarios y recuperé
una vida normal.

(Nutr Hosp. 2009;24:354-356)

Palabras clave: Hipocalcemia. Hipomagnesemia. Auto-
administracion. Magnesio.

and prerenal renal failure successfully treated by self-
administered subcutaneous magnesium.

Case report

A 71-year-old man, former smoker, with past medi-
cal history of hypertension, hyperlipidemia and sur-
gery for an abdominal aortic aneurysm, was diagnosed
of rectum carcinoma and treated by chemotherapy and
radiotherapy prior to an anterior resection of rectum
with colorectal anastomosis and protection ileostomy.
After surgery he was admitted to the hospital twice
because of prerenal acute renal failure secondary to ile-
ostomy losses, and successfully treated by intravenous
fluid replacement.

Nine months after rectum surgery, a right and trans-
verse colectomy was performed because the patient had
colonic polyps, and a postsurgical ischemic cholitis
led to a left colectomy and a terminal ileostomy. He
had a prerenal acute renal insufficiency secondary to
high ileostomy losses after this second surgery.



Table I
Clinical and biochemical evolution of the patient before subcutaneous magnesium treatment

Weeks after anterior resection

4 40 52 55 59
of rectum
Clinical events Acute renal Total colectomy ~ Admission. Vomits  Admission. Fever, Admission.
insufficiency and terminal and fever. Seizures.  tremor, asthenia Asthenia. Tremor.
ileostomy. Admission on ICU Subcutaneous
Acute renal magnesium was
insufficiency initiated during
this admission
Total serum calcium (mmol/l)
Normal range: 2.15-2.55 153 168 1.58
Tonized calcium (mmol/l)
Normal range: 1.15-1.29 063 08 091
Serum magnesium (mmol/l)
Normal range: 0.66-1.07 042 0.08 021
PTH (pg/ml)
Normal range: 10-65 2 44 37
Creatinine (umol/l) 504 636 256 230 194

Normal range: 62-106

Three months after the colonic resection he was
again admitted to the hospital due to vomiting and
fever. Five days after admission he was transferred to
the Intensive Care Unit because he had seizures secon-
dary to severe hypocalcemia and acute renal failure. He
was discharged on treatment with loperamide, oral cal-
cium and calcitriol, but had to be readmited one week
later because he had severe hypocalcemia secondary to
hypomagnesaemia and prerenal acute renal failure. He
was treated with intravenous infusion of fluids, calcium
and magnesium and he was discharged. Oral supple-
ments of magnesium, codeine and octreotide were added
to the previous treatment. He came back two weeks later
(five months after colectomy): he reported tremor and
intense discomfort and was admitted again because of
severe hypocalcemia, hypomagnesaemia and acute
renal insufficiency. The first day he was treated with
intravenous infusion of saline solution, calcium chloride
and magnesium sulfate, and the second day was transfe-
rred to subcutaneous administration of saline solution
with magnesium sulfate (12 mmol of magnesium sul-
fate in 1,000 ml of saline solution during 12 hours) via a
butterfly needle. The patient and his wife were instruc-
ted about self-administered subcutaneous fluid infusion
and he was discharged three days after admission with
the following daily treatment: oral calcium gluconate,
calcitriol, codeine and a self-administered subcutaneous
infusion of 500 ml of saline solution with 6 mEq of
magnesium sulfate during 6 hours per day. He was
advised to increase saline administration to 1,000 ml
per day if diuresis diminished or ileostomy losses incre-
ased.

After this admission patient has had normal levels of
serum calcium, magnesium and PTH. Hospital admis-

sion has not been needed and renal function has remai-
ned stable. The patient, whose daily activities had been
very limited since colectomy, has resumed a normal
life.

Table I summarises clinical and biochemical evolu-
tion before subcutaneous magnesium treatment. Table
II summarises biochemical evolution after this treat-
ment.

Discussion

Hypocalcemia can be caused by hypoparathyroi-
dism, PTH resistance, vitamin D deficiency, medica-
tions, congenital causes, malignancy, and some severe
diseases. Hypomagnesaemia causes both hypopa-
rathyroidism and PTH Resistance.! Causes of hypo-
magnesaemia include gastrointestinal losses (inclu-
ding acute or chronic diarrhoea, malabsortion and
steatorrhea, or short bowel syndrome), renal losses
(including diuretics, volume expansion, alcoholism,
hypercalcemia, nephrotoxins and loop of Henle or dis-
tal tubule dysfunction)® and intracellular redistribution
(including refeeding syndrome).

Symptoms of hypocalcemia include abnormal neuro-
logical sensations and neuromuscular excitability and
central nervous system manifestation like seizures, men-
tal status changes and irritability.! Hypomagnesaemia is
usually asymptomatic but it can produce neuromuscu-
lar irritability, hypokalemia and cardiac arrhythmia.*
Seizures secondary to hypomagnesaemia in gastrointes-
tinal diseases have been previously reported.®

Our patient’s hypocalcemia was secondary to hypo-
parathyroidism, and maybe PTH resistance, secondary

Hipocalcemia treated by subcutaneous
magnesium
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Table IT
Biochemical evolution of the patient after subcutaneous magnesium treatment

Days after discharge 2 5 9 16 35 68 98 137
;‘;‘ral;irr‘;fgceﬂ;“l‘;‘lz(“;g"dﬂ) 215 237 235 242 236 245 2.48 245
;fﬁiﬁzﬁzzsg‘&(‘?‘é?lm 071 076 0.76 0.67 0.76 0.71 0.67 071
Norm anee: 1063 m 70 49 49 34 28 31 40
Creatinine (imol/) 133 124 124 133 115 115 106 124

Normal range: 62-106

to hypomagnesaemia, since his PTH level was low or
inappropriately normal for his hypocalcemia, and not
high, as it is expected in non-PTH related hypocalce-
mia.

Our patient’s high-output ileostomy was responsible
for the repeated episodes of dehydration and acute
renal failure, in a similar way as it happens in chronic
diarrhoea. We think it was also responsible for hypo-
magnesaemia, that was worsened by the absence of the
colon, an organ with magnesium-absorbing capacity.*
The remarkable improvement with subcutaneous
administration of a dose of magnesium close to the
10 mMol usually absorbed per day through the gas-
trointestinal tract* reinforce this etiology, since this tre-
atment would not have corrected a hypomagnesemia
originated from renal magnesium wasting.

Hypocalcemia was resistant to treatment with oral
calcium and calcitriol (consistently with diagnosis of
hypocalcemia secondary to hypomagnesaemia) and
oral supplements of magnesium were not effective.
Self-administered subcutaneous fluid and magnesium
infusion was an effective alternative, avoided new
admissions and improved the quality of life of our
patient.

Previous reports of self-administered subcutaneous
MgSO, infusion are scarce and authors emphasize the
usefulness and easiness of this treatment.> Our expe-
rience supports that it is a practical and safe method of

managing hydroelectrolytic deficiencies in patients
who do not respond to oral treatment.

Conclusions

Hypomagnesaemia secondary to gastrointestinal
diseases can produce hypoparathyroidism and severe
hypocalcemia with seizures and other complications.
Self-administered subcutaneous fluid and magnesium
infusion is an effective alternative in patients with
malabsortion or increased losses who do not respond to
oral treatment and do not need total parenteral nutrition.
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Resumen

Un grupo de bioeticistas defiende la idea de que la edad
del paciente debe ser un criterio mayor en la distribucion de
recursos sanitarios limitados. Mientras que las principales
indicaciones de Nutricion Enteral Domiciliaria ocurren fre-
cuentemente en edades avanzadas (secuelas de accidente
cerebrovascular, demencia, cancer de cabeza y cuello, etc.)
se carece de datos sobre el uso y las caracteristicas de la
nutricion parenteral domiciliaria (NPD) en el paciente
anciano. Seinalamos las peculiaridades del empleo de esta
técnica en un paciente > 75 anos con NPD prolongada y la
justificacion de su empleo con independencia de la edad.

Se traté de un varén de 77 anos que sufrié una isquemia
intestinal masiva con reseccion de yeyuno, ileon, colon
ascendente y mitad de transverso y anastomosis yeyuno
colica. Tras una estancia hospitalaria de dos meses se envi) a
su domicilio con NPD. Su cuidadora habitual era su esposa
de 72 anos de edad, afecta de una enfermedad de Parkinson
incipiente. La NPD se mantuvo durante 11 anos, siendo sus-
pendida a raiz del deterioro clinico. Durante este periodo
tuvo 5 infecciones asociadas a catéter (tasa de infeccion: 1,3
episodios por cada 1.000 dias de NPD); 1 salida accidental de
catéter. Preciso recambiar el catéter en 4 ocasiones (vida
media del catéter: 788 dias). Fue hospitalizado en cuatro
ocasiones por complicaciones de la técnica. La situacion fun-
cional al inicio de la NPD era de vida activa independiente y
paso a vida sedentaria pero auténoma al final de la misma.

Conclusiones: La tasa de complicaciones en NPD en el
paciente comentado no fue distinta de lo que ocurre en
otros grupos de edad. La técnica no supuso una carga de
trabajo excesiva para el cuidador habitual, aunque se tra-
tara también de una persona anciana. La edad en si no
debe constituir un factor limitante a la hora de proporcio-
nar soporte nutricional a domicilio.

(Nutr Hosp. 2009;24:357-360)

Palabras clave: Nutricion parenteral. Anciano. Complica-
ciones. Etica.

Correspondencia: Jos¢ Manuel Moreno Villares.
Unidad de Nutricién Clinica.

Hospital 12 de Octubre.

28041 Madrid.

E-mail: jmoreno.hdoc@salud.madrid.org

Recibido: 2-XI-2008.
Aceptado: 9-X1-2009.

IS OLDER AGE A LIMITING FACTOR WHEN
CONSIDERING HEALTH RESOURCES?
THE CASE OF HOME PARENTERAL NUTRITION

Abstract

Some bioethicists consider older age as a limiting fac-
tor for receiving special medical care. Older adults com-
prise the majority of home enteral nutrition patients
(neoplams of the head, neck, and upper gastrointestinal
tract neuromuscular swallowing disorders, dementia,
etc) On the contrary, there are very few data on Home
Parenteral Nutrition (HPN) in the elderly. We report
these of a 75 years old man affected from a severe short
bowel syndrome due to mesenteric thrombosis. After a
hospital stay of two months he was sent home on HPN.
His current caregiver was her wife, a 72 year old woman
suffering from incipient Parkinson’s disease.

HPN lasted for 11 years and was stopped because of cli-
nical deterioration. During this time he presented S cathe-
ter-related infections (1.3 episodes/1,000 days). 5 cathe-
ters were used (average length 788 days). He was
hospitalized four times because of HPN complications.
Functional status was maintained along almost all the
length of HPN.

Conclusions: The rate of complications in this patient
was similar to other groups of age receiving HPN. The
technique was not burdensome for the family. Older age
cannot be consider, by itself a limiting factor when recei-
ving long term nutritional support.

(Nutr Hosp. 2009;24:357-360)

Key words: Parenteral nutrition. Elderly. Complications.
Ethics.
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Proponer una nutricién artificial a domicilio en una
persona anciana y/o dependiente puede constituir a la
vez un problema médico y ético. Un grupo de bioeticis-
tas, encabezados por D. Callahan (Setting limits: medi-
cal goals in an aging society” ), defiende la idea de que
la edad del paciente debe ser uno de los criterios mayo-
res que influya en la distribucién de recursos sanitarios
limitados. Frente a esta postura otros argumentan que
cuando se toman decisiones clinicas sobre las personas
mayores debe calibrarse la edad, pero también muchos
otros factores. La edad debe ser un elemento, pero no
un factor determinante.

Mientras que las principales indicaciones de Nutri-
cion Enteral Domiciliaria ocurren frecuentemente en
edades avanzadas (secuelas de accidente cerebrovascu-
lar, demencia, cancer de cabeza y cuello, etc.) (fig. 1)!
son muchos menores los datos sobre el uso y las carac-
teristicas de la nutricién parenteral domiciliaria (NPD)
en el paciente anciano. En los tltimos datos publicados
del registro NADYA-SENPE, < 5% de los pacientes
con NPD eran mayores de 74 afios (fig. 2).

Sefialamos las peculiaridades del empleo de esta
técnica en un paciente > 75 afios con NPD prolon-
gada a causa de un fracaso intestinal de causa
benigna y la justificacién de su empleo con indepen-
dencia de la edad.

Caso clinico

Se traté de un varén de 77 afios con antecedentes de
fibrilacién auricular crénica que sufrié una isquemia
intestinal masiva con reseccion de yeyuno, ileon, colon
ascendente y mitad de transverso realizdndose una

anastomosis yeyuno-colica. Tras una estancia hospita-
laria de dos meses se envio a su domicilio con NPD
siete dias a la semana, infundiéndose a lo largo de 10
horas. Su cuidadora habitual era su esposa de 72 afios
de edad, afecta de una enfermedad de Parkinson inci-
piente. Ademds disponia de una familia cercana muy
involucrada.

La NPD se mantuvo durante 11 afios, siendo sus-
pendida a raiz del deterioro clinico causado por una
neumonia de la comunidad. La duracioén total fue de
3.940 dias. Durante este periodo tuvo 5 infecciones
asociadas a catéter (tasa de infeccion: 1,3 episodios
por cada 1.000 dias de NPD) y 1 salida accidental de
catéter. Precis6 recambiar el catéter en 4 ocasiones
(vida media del catéter: 788 dias). Present6 desde los
dos afios del inicio de la NPD una esteatosis hepética
leve, no progresiva. Fue hospitalizado en cuatro oca-
siones por complicaciones de la técnica. La situa-
cidén funcional al inicio de la NPD era de vida activa
independiente y pasé a vida sedentaria pero autd-
noma al final de la misma. Durante los primeros
ocho afios de NPD se desplazaba una o dos veces al
afio para disfrutar de unos dias de vacaciones en la

playa.

Discusion

El escenario que se presenta en el mundo occidental,
con un marcado envejecimiento de la poblacidn, obliga a
una reflexion ética sobre la atencion al anciano (fig. 3). El
anciano tiene un patrén de pérdida de funciones propio,
que le hace muy distinto de otros pacientes con enfer-
medades terminales.
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Indudablemente la edad es un criterio importante a la
hora de asignar recursos de salud, sobre todo en funcién
del tipo de intervencién®. Ante una situacion de recursos
limitados y demanda creciente, ;qué parametros deben
tenerse en cuenta? ;COmo conseguir una atencion
médica equitativa, es decir, que toda la poblacién reciba
el mismo cuidado para la misma necesidad?*

Uno de los posibles escenarios clinicos en esta edad
es el de una reseccion intestinal amplia secundaria a un
problema vascular, como ocurrié en nuestro caso’.
Como en otras situaciones médicas deben considerarse
de forma clara los riesgos y beneficios de la técnica.
Pueden servir como guia las siguientes preguntas: 1)

(va a ser bien tolerada?, 2) ;va a mejorar o a mantener
el estado nutricional del paciente?, 3) ;va a mejorar su
calidad de vida? Y 4) ;va a mejorar el prondstico o la
supervivencia del paciente?°. La respuesta a algunas de
estas preguntas se obtiene de forma sencilla y puede
cuantificarse (por ejemplo la tolerancia o la repercu-
sion sobre el estado nutricional), mientras que las con-
sideraciones sobre la calidad de vida son mas comple-
jas. La calidad de vida puede entenderse como una vida
digna donde la persona se siente plenamente realizada,
toda vez que sus objetivos y expectativas se van cum-
pliendo. Si bien, cada sujeto experimenta esa realidad
de un modo subjetivo, dependiendo de su situacién, de

2. Mayor fragilidad y riesgo de enfermedad a mayor edad.

3. Avances en tecnologia biomédica.

1. Envejecimiento de la poblacién con aumento en el nimero de muy ancianos ( “oldest-old)

4. Cambios en el modo de financiar y proporcionar servicios publicos.

— Criterios éticos en la investigacién clinica en ancianos.

(coémo garantizar su autonomia cuando se presenta el deterioro fisico y mental?
(quién decide qué cuidados o tratamientos debe recibir?

— ¢Debe ser la edad un criterio para la distribucién de recursos sanitarios limitados?

MARCO ETICO DE ATENCION AL ANCIANO

Fig. 3—Escenario actual.

Nutricién parenteral domiciliaria
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su épocay de su cultura. A priori podemos suponer que
cuando el anciano adopta una actitud dindmica ante la
vida, emprendedora y optimista, tiene muchas probabi-
lidades de vivir su ultima etapa con dignidad y calidad’.
Este planteamiento también es cierto en el caso de la
enfermedad.

Si lo consideramos bajo el prisma de los principios
bideticos, ademads de contar con el consentimiento del
paciente y de la valoracion del riesgo-beneficio, atenta-
ria contra la justicia si se privara de un tratamiento
demostrado eficaz a un paciente s6lo si se considerara
su edad elevada. Como también lo seria si la discrimi-
nacion lo fuera por razon de raza, ideas o medio social.
Si nos atenemos a la condicién vital de nuestro
paciente, se cumple el hecho observado por otros espe-
cialistas de que las personas mayores involucrados en
actividades de grupo, con relaciones afectivas signifi-
cativas tienden a vivir mas.

Sélo si el seguimiento se realiza con unos estdndares
de calidad es posible que el nimero de complicaciones
sea bajo y que la satisfaccién del paciente y sus cuida-
dores sea elevada®.

En un marco referencial mas amplio podemos ase-
gurar que el organismo humano experimenta el pro-
ceso de envejecimiento: los tejidos pierden flexibili-
dad, los 6rganos reducen la calidad de sus funciones y
el ritmo vital de las células se atenta. Pero el envejeci-
miento en si no es una enfermedad. Existen incluso
algunas funciones que no sélo no se pierden con la
edad, sino que se enriquecen cualitativamente siempre
y cuando encuentren un ambiente propicio®. Estas con-
sideraciones deben tenerse en cuenta en el caso de que
el anciano enferme. La edad como tnico condicionante
no es aceptable.

Conclusiones

La tasa de complicaciones en NPD en el paciente
comentado no fue distinta de lo que ocurre en otros gru-
pos de edad. La técnica no supuso una carga de trabajo
excesiva para el cuidador habitual, aunque se tratara tam-
bién de una persona anciana. La edad en si no debe cons-
tituir un factor limitante a la hora de proporcionar soporte
nutricional a domicilio. La NPD debe considerarse en el
paciente anciano dentro del modelo de “fragilidad”.
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Sindrome del histiocito azul marino en relacion a nutricion parenteral
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Resumen

Presentamos un caso de un varon de 55 anos con Enfer-
medad de Crohn de larga evolucion con mala respuesta al
tratamiento médico y miiltiples fistulas al que se le inici6
nutricion parenteral domiciliaria (NPD) tras su dltima
reseccion intestinal. Presentaba hepatopatia créonica no
filiada y pancitopenia leve. Tras 9 meses de soporte nutri-
cional parenteral se produce un empeoramiento de la
funcion hepatica y la pancitopenia. Se realizo biopsia de
médula 6sea que mostré histiocitos azul marino. La evo-
lucion fue toérpida falleciendo a consecuencia de un fallo
multiorganico.

(Nutr Hosp. 2009;24:361-363)

Palabras clave: Histiocito azul marino. Nutricion parente-
ral. Hepatopatia. Pancitopenia. Lipidos.

Introduccion

El histiocito azul marino fue descrito por primera
vez en 1947 por Moschlin. Se trata de macréfagos que
contienen granulos de fosfolipidos que se tifien de azul
marino con la tincién de May-Giemsa. Estas células
han sido descritas en diferentes trastornos del metabo-
lismo lipidico como el Sindrome de Niemann-Pick o el
Sindrome de Gaucher, asi como en varias patologias
hematoldgicas. En 1970, Silverstein' describi6 el Sin-
drome del Histiocito Azul Marino (SHAM) que cursa
con hepatoesplenomegalia y/o pancitopenia por acu-
mulacién de histiocitos azules en médula 6sea y/o
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SEA-BLUE HISTIOCYTE SYNDROME
ASSOCIATED WITH HOME PARENTERAL
NUTRITION

Abstract

A case of a 55 years-old male with long-term Crohn’s
disease without response to medical treatment and many
intestinal fistula is presented. After the last bowel resec-
tion, home parenteral nutrition was started. He presented
chronic hepatopathy and pancytopaenia. After 9 months
of home parenteral nutrition hepatic function and pancy-
topaenia began to deteriorate. Bone marrow examination
revealed an infiltrate of sea-blue histiocytes. He made
insatisfactory progress and died due to a multiorganic
failure.

(Nutr Hosp. 2009;24:361-363)

Key words: Sea-blue histyocite. Parenteral nutrition. Hepa-
topathy. Pancytopenia. Lipids.

higado. La etiologia es desconocida. Aunque habitual-
mente su curso es benigno puede evolucionar desfavo-
rablemente hacia una cirrosis. Hay muy pocos casos
descritos en la literatura®* y algunos de ellos asociados
anutricion parenteral domiciliaria®®.

Caso clinico

Presentamos el caso un de un varén de 55 afios con
enfermedad de Crohn de larga evolucién con multiples
fistulas y resecciones intestinales por mala respuesta al
tratamiento médico. Tras la dltima intervencion quirtr-
gica se realiz6 exclusion intestinal con gastrostomia de
descarga y se inici6 nutricién parenteral. Estaba diag-
nosticado de hepatopatia crénica no filiada con trom-
bosis portal, varices esofdgicas y pancitopenia leve. El
paciente presentaba peso al alta de 50 kg, talla de 170
cm e IMC del7,3 kg/m?. Al alta se inici6 tratamiento
con Nutricién Parenteral Domiciliaria (NPD) diaria
compuesta por 35 kcal/kg/dia (14g de nitrégeno, 225 g
de glucosa, 50 g de lipidos MCT/LCT).
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Tabla I
Evolucion de los pardmetros bioquimicos desde

el inicio de la NPD
Plaquetas  Bilirrubina ~ AST/IALT ~ Triglicéridos ~ Albiimina
Comienzo 64.000 2,6 46/56 65 29
3*mes 106.000 1,6 3528 83 33
6°mes* 61.000 6.8 58/46 132 27
9 mes 30.000 27 170/147 240 1,9

Durante los primeros meses la evolucién fue favora-
ble con mejoria del estado general, de la pancitopenia,
pardmetros nutricionales y funcién hepatica. A los 6
meses se produjo un deterioro de la funcién hepatica
con colestasis y empeoramiento de la pancitopenia; por
lo que se disminuy6 el aporte de grasas, oligoelemen-
tos y vitaminas liposolubles (tabla I). Posteriormente
empeoro el estado general del paciente con fiebre e
ictericia intensa precisando ingreso hospitalario. En la
analitica del ingreso presentaba importante aumento de
bilirrubina, coagulopatia, trombocitopenia severa y
disminucién de los niveles de albimina con ferritina en
valores normales.

La ecografia abdominal mostré hepatopatia crénica
sin datos de obstruccién de la via biliar, trombosis por-
tal y esplenomegalia. La biopsia hepdtica presentaba
una arquitectura mantenida, espacios porta con infiltra-
dos inflamatorios y éstasis biliar de predominio centro-
lobulillar con fenémenos de necrosis hepatocitaria. En
la puncién de médula ésea se observé celularidad
medular conservada con acumulo de histiocitos con
material lipofuccinico PAS+ (histiocitos azul marino)
que constituian al menos el 20% de la celularidad total,
sin hemofagocitosis (figs. 1y 2).

Se le administraron 3 dosis de anti-TNFo como tra-
tamiento de su enfermedad de base ademas de s-adeno-
silmetionina, con eliminacién total de las grasas en la
nutricién parenteral. La evolucién fue desfavorable
presentando insuficiencia hepatocelular, encefalopatia

Fig. 1 —Imagen al microscopio éptico de la médula ésea (tin-
cion de PAS).

Fig. 2—Imagen al microscopio optico a mayor aumento con
histiocito azul marino.

hepatica, hemorragia digestiva y neumonia nosoco-
mial, evolucionando a fallo multiorganico y muerte.

Discusion

La presencia de histiocitos azul marino en médula
Osea se ha descrito en miltiples patologias. Esta deno-
minacién se debe a que los granulos del interior del his-
tiocito se tifien de azul marino con la tincién de May-
Giemsa. Estos granulos corresponden a actimulos
lipidicos que se ponen de manifiesto con la tincién de
PAS. La acumulacioén de lipidos de dichas células se
debe a la incapacidad de los lisosomas de digerir el
exceso de grasa. Puede deberse a la presencia de altera-
ciones enzimaticas como en el Sindrome de Gaucher o
el Sindrome de Niemann-Pick’, o al aumento de la des-
truccién de membranas celulares como ocurre en la
Leucemia Mieloide Crénica.

El SHAM ademds de presentar estas células se
caracteriza por la presencia de hepatoesplenomegalia.
En estos pacientes no se ha descrito ninguna alteracion
enzimdtica. Aunque la fisiopatologia es desconocida,
la hepatoesplenomegalia producida por acimulo pato-
l6gico de estos histiocitos podria alterar la funcién
hepdtica y producir una situacién de hiperesplenismo.
La pancitopenia podria ser explicada por una combina-
cién de hiperesplenismo y probable hematopoyesis
defectuosa por sintesis anormal de los fosfolipidos de
las membranas celulares.

Existe cierta controversia en la literatura entre el
Sindrome de Activacién Macrofigica (MAS) y el
SHAM. Para algunos autores este ultimo seria un sub-
tipo del MAS. La principal diferencia entre ambos es la
presencia de hemofagocitosis e hiperferritinemia en el
MAS, que no estd presente en el SHAM? 2,

Aunque la hepatopatia es una complicacioén fre-
cuente en los pacientes con NPD'!5, sin embargo se
han descrito pocos casos de SHAM. La mayoria son
casos aislados™. Bignone y cols.'¢ realizaron biopsias
de médula 6sea en 7 pacientes tratados con NPD (3 de
ellos con emulsiones lipidicas con triglicéridos de
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cadena larga y media LCT/MCT, el resto con LCT) con
leves alteraciones clinicas y analiticas, encontrando la
presencia de histiocitos azul marino en todos los casos. A

Bignone C, Tourneau ALE, Vahedi K, Rio B, Messing B,
Molina T'y cols. Sea-blue histiocyte in bone marrow secondary
to total parenteral nutrition. Leuk Lymphoma 1998; 28: 523-9.

) X ; 7. Suzuki O, Abe M. Secondary Sea-Blue Histiocytosis derived
la vista de este hallazgo es posible que la presencia de from Niemann-Pick disease. J Clin Exp Hematopathol 2007,
estas células sea mds prevalente que la encontrada en la 47:19-21.
préctica clinica y que preceda a las manifestaciones clini- 8. Pérez-Jaffe L, Furth E, Minda J, Unger L, Lawton T. Massive
cas del SHAM. La asociacion de este sindrome con la macrophage lipid accumulation presenting as h'epatoespleno—
p i o megaly and lymphadenopathy associated with long-term
NPD podria deberse al aumento de los niveles de lipidos parenteral nutrition therapy for short bowel syndrome. Hum
en sangre que podria sobrecargar su aclaramiento por las Pathol 1998;29: 651-5.
células fagocitarias. Algunos autores han descrito una 9. Pradalier A, Teillet F, Molitor JL, Drappier JC. Macrophage
P .. . PR activation syndrome, hemophagocytic syndrome. Pathol Biol
mejoria en la evolucion de estos pacientes al disminuir el 2004: 52: 407-14
aporte de grasas en la nutricion parenteral”. Dado que en 10. Ravelli A. Macrophage activation syndrome. Curr Opin Rheu-
los casos descritos se utilizaron emulsiones lipidicas con matol 2002; 14: 548-52.
contenido mayoritario en LCT o mezclas MCT/LCT se I1. Grom A. Macrophage activation syndrome and reactive
desconoce el efecto que pudieran tener las nuevas emul- gemophagocytlc lymphok.ustlocytosm. the same entities? Curr
R . . L. R R pin Rheumatol 2003; 15: 587-90.
S{Ones lipidicas (con écido oleico, omega-3) en la apari- 12. Koduri PR, Caradang G, DeMarais P, Patel AR. Hyperferritine-
cion de este sindrome. mia in reactive hemophagocytic syndrome. Report of four adult
cases. Am J Hematol 1995; 49: 247-9.
13.  Guglielmi FW, Moran Penco JM, Gentile A y cols. Hepatobi-
. liary complications of long-term home parenteral nutrition.
Referencias Clin Nutr 2001; 20 (Supl. 2): 51-5.
14. Shaffer JL. Hepatic complications of parenteral nutrition. Clin

1. Silverstein MN, Ellefson RD, Ahern EJ. The syndrome of the Nutr 1995; 14: 59-64.
sea-blue histiocyte. N EnglJ Med 1970; 282: 1-4. 15. Colomb V, Jobert-Giraud A, Lacaille F, Goulet O, Fournet JC,

2. Hirayama Y, Kohda K, Andoh M, Matsumoto S, Nakazawa O, Ricour C. Role of lipid emulsion in cholestasis associated with
Nobuoka Ay cols. Syndrome of the Sea-Blue Histiocyte. Intern long-term parenteral nutrition in children. JPEN J Parenter
Med 1996; 35: 419-21. Enteral Nutr2000; 24: 345-50.

3. Tachibana F, Hakozaki H, Takahashi K, Kojima M, Enomoto S, 16. Bignone C, Tourneau ALE, Messing B, Rio B, Giraud V,
Wada J. Syndrome of the sea-blue histiocyte — The first case in Molina T'y cols. Sea-blue histiocyte syndrome in bone marrow
Japan and review of the literature. Acta Pathol Jpn 1979;29:73-97. secondary to total parenteral nutrition including fat-emulsion

4. Kaur A, Sudarsanam A, Pulimood RB. Syndrome of the sea- sources: a clinicopathologic study of seven cases. Br J Haema-
blue histiocyte (a report of 2 cases). Indian J Pathol Microbiol tol 1996; 95: 258-62.
1984;27:111-5. 17. Goulet O, Girot R, Maier-Redelsperger M, Bougle D, Virelizier

5. Meiklejohn DJ, Baden H, Greaves M. Sea-blue histiocytosis JL, Ricour C. Hematologic disorders following prolonged use
and pancitopaenia associated with chronic total parenteral of intravenous fat emulsion in children. JPEN J Parenter Ente-
nutrition administration. Clin Lab Haem 1997, 19: 219-21. ral Nutr 1986; 10: 284-8.
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Efecto del calcio sobre la pérdida de peso

M. FE. Tejeda-Lépez, K. Ramirez-Ley, M. Bacardi-Gascon y A. Jiménez-Cruz

Facultad de Medicina. Universidad Autonoma de Baja California. Posgrado en Nutricion. México.

Estimado Director:

En estudios de observacién y en ensayos aleatorios de
corta duracion, se han descrito asociaciones negativas
entre el consumo de calcio y el indice de masa corporal
(IMC), el porcentaje de grasa y la circunferencia de cin-
tura. El propésito de este estudio fue analizar los efectos
alargo plazo del calcio sobre el peso corporal. Se realizé
una buisqueda de MEDLINE para identificar los ensayos
aleatorios controlados (RCT), publicados en inglés o
espafiol, con productos licteos o suplementacién con
calcio, de enero del 2000 a marzo del 2008 con una inter-
vencion igual o mayor a 48 semanas. Para la busqueda se
utilizaron los descriptores “weight loss” con otras pala-
bras claves: “dairy products”, “obesity” y “calcium sup-
plementation”. Se excluyeron estudios realizados en per-
sonas con diabetes mellitus, otras condiciones médicas o
que estuvieran bajo tratamiento farmacolégico. Se anali-
zaron las siguientes caracteristicas: el disefio de estudio,
niimero de participantes, porcentaje de seguimiento,
edad, sexo, IMC, tiempo de intervencion, fuente de cal-
cio, reduccion de peso, diferencia entre grupos y nivel de
significancia. Se encontraron cuatro estudios'*. Todos
los estudios tuvieron un disefio paralelo, la fuente de cal-
cio fueron los productos lacteos y la retencién al final de
cada estudio oscil6 de 32% a 81%. Las fuentes alimenta-
rias de calcio fueron a partir de leche baja en grasa 'y
yogurt. En los tres estudios donde se observé una reduc-
cion significativa de peso se prescribi6 una dieta con res-
triccion calérica de 500 kcalorias. En dos de ellos
aumentaron la actividad fisica (tabla I).

En todos los estudios analizados en esta revisién no
se observaron diferencias en la pérdida de peso entre
los grupos control y el experimental. Estos resultados
son similares a las conclusiones obtenidas en revisio-
nes recientes®. Se han descrito diversos mecanismos
mediante los cuales el calcio podria tener un efecto
sobre el peso o la composicion corporal. Algunos auto-
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res sugieren que la disminucién de la ingesta de calcio
dietética puede resultar en un aumento de los niveles de
calcio intracelular, el cual interviene en la modulacion
de los depdsitos de triglicéridos, podria aumentar lipo-
génesis, e inhibir la lipdlisis y la termogénesis. Tam-
bién se ha propuesto que el calcio dietético podria inhi-
bir la absorcidn de grasas en el tracto gastrointestinal y
aumentar la pérdida de dcidos grasos por las heces. Sin
embargo, los estudios de observacién han demostrado
resultados inconsistentes.

De acuerdo a los estudios aleatorios registrados en
MEDLINE en el periodo estudiado, se puede concluir
que en los ensayos bien disefiados y a largo plazo no hay
evidencias del efecto benéfico del consumo de calcio y
lacteos sobre el peso y la composicion corporal, lo que es
consistente con estudios prospectivos a largo plazo. Se
sugiere estudios aleatorios controlados de mas largo
plazo, con adecuado control de consumo calérico, de
macronutrientes y de actividad fisica, con la estimacién
del poder estadistico y que permitan valorar el efecto del
calcio sobre la pérdida de peso.

Referencias
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Reliability and validity of self-reported weight and height in Belgium

F.J. A. Pérez-Cueto & W. Verbeke

Ghent University. Department of Agricultural Economics. Ghent. Belgium.

Recently some nutrition surveys rely on self-repor-
ted weights and heights for the estimation of body-
mass-index’ (BMI) based nutritional status, particu-
larly when modern online data collection methods are
applied.' It is still under debate whether such procedu-
res are valid or reliable. On the one hand, self-repor-
ted height and weight are considered as feasible, use-
ful measures in large scale studies,? while on the other
hand, overestimation of self-reported height and
underestimation of self-reported weight have been
documented as a sources of individual bias indepen-
dently of gender.?

April 2008 to assess the reliability and validity of such
values. The convenience sample included 71 partici-
pants: 37 women (mean age 38 y; SD17) and 34 men
(mean age 36 y; SD16). Each respondent had to fill a
short socio-demographic questionnaire and register
their weights and heights. Three weeks later, they were
asked to repeat the exercise (test-retest reliability).
University students weighed and measured each res-
pondent according to standard procedures* to obtain
true values as reference.

Normality of data was assessed with the Kolmogo-
rov-Smirnov test. Differences between self-reported

Table I
Correlations and differences between self-reported and measured height and weights in a sample of Belgium adults*

All Difference P-value Women Difference P-value Men Difference P-value
Variables Pearson’s between of the Pearson’s between of the Pearson’s between of the
Correlation’ means difference Correlation’ means difference Correlation’ means difference
Weight 1-Weight 2 (in kg) 0,99 -0,04 0,773 0,990 -0,16 0,394 0,99 0,10 0,494
Weight 1-Weight measured (in kg) 0736 -2,76 0,226 0978 -1,68 <0,001 0592 392 <0,001#
Weight 2-Weight measured (in kg) 0,731 2,72 0,067 0,984 -1,52 <0,001 0,580 -402 <0,001#
Height 1-Height 2 (in cm) 0997 0,10 0,073 0,989 0,11 0422 0997 0,09 0,324
Height1-Height measured (in cm) 0421 1,75 0,044 0,986 0,30 0,148 0,151 332 0,143#
Height 2-Height measured (in cm) 0,422 1,65 0,089 0,984 0,19 0,213 0,149 324 0,142#
BMI 1-BMI 2 in kg/m? 0,990 -0,04 0466 0987 -0,08 0274 0,992 0,01 0,842
BMI 1-BMI measured in kg/m? 0114 -4,16 0,257 0,969 -0,70 <0,001 0,046 -193 0,1554
BMI2-BMI measured in kg/m’ 0,102 4,12 0,262 0,981 0,61 <0,001 0,030 -194 0,2784#

*Student’s T-test unless indicated otherwise.
# Wilcoxon Signed Ranks Test .

The only way to evaluate performance of self-repor-
ted anthropometric information is by comparing those
values against actual measures. Hence, a small-scale
study was carried out in Belgium between March and
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and actual measures of height and weight were asses-
sed using Student’s T-test for normally distributed
variables. The non-parametric Wilcoxon Signed Ranks
Test was used to compare non-normally distributed
variables. All tests were performed with a significance
level of 0.05.

At an aggregated level all variables were normally
distributed, with exception of measured height (P =
0.024). When evaluated by respondent’s gender, all
women’s variables presented normal distribution,
including estimated BMI. Men’s self reported heights
and weights were normally distributed; however,



actual measures and corresponding calculated BMI
were not.

Table I shows correlations and differences between
self-reported and measured heights and weights in this
sample. No statistical differences were found between
self-reported weights and actual measures of weight.
The difference between the first self-reported height
and the actual measure was significant for the whole
group. No statistical differences could be observed bet-
ween first and second self-reported values and the con-
sequent BMI estimate. For women all correlations bet-
ween self-reported and measured values were
significant, suggesting that females are more reliable in
self assessment of height and weight. The opposite
holds for males.

The paradoxical message of this study is that in this
sample of Belgian adults, self reporting of heights and
weights is reliable (respondents provided the same
values twice) but not valid (inaccurate values) despite
high correlations with actual measurements. As expec-
ted, overweight levels estimated on the basis of self-

reported heights and weights would be underestima-
ted.’ This limitation should be addressed when repor-
ting results based on self-reported anthropometric data.
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Valoracion de la circunferencia de la pantorrilla como indicador de riesgo

de desnutricion en personas mayores

E. B. Arribalzaga

Profesor Titular Bioestadistica. Medicina. Universidad Austral. Pilar. Prov. Buenos Aires. Argentina.

Sr. Director:

En relacion con el articulo “Valoracién de la circun-
ferencia de la pantorrilla como indicador de riesgo de
desnutricidn en personas mayores’!, llama la atencion
una sucesion de afirmaciones:

1°) El objetivo de la investigacion no define si se va
a comprobar la validez del Mini Nutritional Assess-
ment Test con su posterior ratificacién por los hallaz-
gos en las mediciones de la circunferencia de la panto-
rrilla.

2°) No se aclara si el observador de las mediciones
fue el mismo, para descartar los errores sistemdticos
que pudieran existir.

3°) La confiabilidad de las mediciones no fue com-
probada al no usarse la prueba estadistica del coeficien-
te alfa de Cronbach?, necesaria para asegurar la consis-
tencia de las mismas.

4°) Los pacientes registrados eran aquellos que, “en
sumayoria” , acudian a la oficina de Farmacia, sin acla-
rar si las encuestas realizadas eran realmente de pacien-
tes ambulatorios o internados sin movilizacién (proba-
ble sesgo de seleccion).

5% No surgen los criterios y grados de riesgo de
desnutricioén y su correlacién con los pardmetros nor-
males y la raz6n para determinar un valor de corte de
31 cm de circunferencia de pantorrilla con el fin de
establecer resultados de normalidad.

6°) En varios parrafos de los resultados y discusion
se hace referencia a la gran mayoria de personas, sin
aclarar su real frecuencia.

La aclaracién de estos interrogantes, surgidos
mediante una lectura critica del material aqui presenta-
do, permitird una mejor comprensioén de una investiga-
cion que a todas luces es muy necesaria y ttil. La sola
existencia de resultados con significacion estadistica no
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debe hacer creer que lo sean de importancia y significa-
cién clinica’ y por eso es tan meritorio este tipo de pes-
quisas para hallar, con datos precisos y claros, un valor
indirecto de riesgo del estado nutricional que se sumara a
otras mediciones antropométricas ya probadas.

Referencias
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Réplica de los autores
Sr. Director:

Valoramos muy positivamente sus comentarios y el
interés mostrado en nuestro articulo “Valoracién de la
circunferencia de la pantorrilla como indicador de ries-
go de desnutricién en personas mayores’” de Cuervo y
cols.!

Enrelacion a los comentarios sefialados en su carta:

1°) El objetivo concreto de la investigacion no era
definir la validez del cuestionario Mini Nutritional
Assessment (MNA) en nuestra poblacion, sino estimar
el impacto de la circunferencia de la pantorrilla como
indicador de una posible situacién de desnutricién en
personas mayores. De hecho, estudios complementa-
rios relacionados con la interpretacion del MNA en
nuestra poblacién han sido previamente publicados?.

2%) En larecogida de datos y medidas, participaron
3.251 farmacéuticos, tal y como se detalla en el apartado
“Seleccion y formacion de encuestadores” de la seccion
“Sujetos y métodos” del articulo. Para evitar errores sis-
temdticos, se preparé un manual de medida que fue



explicado y entregado a cada uno de los farmacéuticos
participantes. Asimismo, se realizaron 50 reuniones en
los Colegios Oficiales de Farmacéuticos (COF’s) pro-
vinciales y se impartié una sesién por videoconferencia
conjunta desde el Consejo General de COF’s que fue
recibida en todos los COF’s provinciales.

3%) La comprobacién de la confiabilidad de las
mediciones a través del coeficiente alfa de Cronbach,
resulté en un valor de 0,731 lo que aseguraria la consis-
tencia de las mediciones.

4¢°) La distribucién de personas encuestadas (n =
22.007) fue: 79,4% en oficina de farmacia, 3,5% en
centro asistencia y el 17,0% en otros centros sociales
como club de jubilados y centros civicos. Aunque no
puede descartarse un sesgo de seleccién, las personas
que acuden a una oficina de farmacia en general, perte-
necen a estratos muy diversos de la poblacién y no
imponen las restricciones de poblacién institucionali-
zada y hospitalizada.

5% El MNA es un cuestionario que puede hacerse
en dos pasos: una primera version reducida, que consta
de 6 preguntas con un puntuacién maxima de 14. Si el
resultado es 12, 13 6 14 puntos, se descarta el riesgo de
desnutricién y no es necesario continuar con el cuestio-
nario. Si el resultado es 11 o inferior, no se descarta el
riesgo de desnutricion y es necesario completar el cues-
tionario hasta el final. Si el resultado final presenta
menos de 17 puntos, sobre la puntuaciéon maxima (30
puntos) indica que existe una situacion de desnutricion
por lo que el paciente debe ser derivado al médico para
una exploracién clinica mds completa. Si el resultado
se encuentra entre 17 y 23,5 puntos (ambos incluidos)
se sugiere una situacion de riesgo de desnutricidn y por
encima de 23,5 puntos es indicativo de ausencia de des-
nutricién. Parte de esta interpretacion, puede encon-
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trarse en el apartado “Descripcion del Mini Nutritional
Assessment (MNA)” de la seccién “Sujetos y méto-
dos” del articulo.

Los puntos de corte aplicados para valorar la circun-
ferencia de la pantorrilla (31 cm) como indicador de
desnutricion, fueron los propuestos por los investiga-
dores que desarrollaron y validaron el MNA?®.

6°) La afirmacidn correspondiente a “la gran mayo-
ria” que aparece la inicio del tercer parrafo de la sec-
cién “Resultados y discusion” hace referencia a los
valores que se muestran en la figura 1 del articulo.

Reiterando nuestro agradecimiento por los comenta-
rios y el tiempo dedicado a la lectura critica de este arti-
culo, coincidimos con el Dr. Arribalzaga en que no
todo lo estadisticamente significativo tiene relevancia
clinica.
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Under nutrition - a major health problem in Europe
Desnutricion, un problema sanitario de gran magnitud en Europa

O. Ljungqvist' and F. de Man?
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El presidente de ESPEN ( Sociedad Europea de
Nutricion Parenteral y Enteral), Dr. Olle Ljungqvist,
se dirige a los miembros de SENPE para informar
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sobre las acciones que, inspiradas por ESPEN, se
van a emprender desde la presidencia de la Co-
munidad Europea al objeto de combatir la malnutri-
cion en los hospitales y entre los ancianos, un
problema que no por pasar desapercibido deja de ser
de gran magnitud. El tema serd motivo de un en-
cuentro de ministros de Sanidad de la Comunidad
Europea durante el mes de Junio de 2009. Desde
la presidencia de ESPEN se propone un plan de
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accion que consta de seis puntos que la SENPE hace
SUyos.

Dear Editor,
Dear members of SENPE,

Under nutrition, poor nutritional status or as it is
commonly phrased malnutrition is Europe’s hidden
major health problem. This week, the EU presidency of
the Czech Republic invites all health ministries and
world experts to a two-day conference aimed at tack-
ling this major problem.

In Spain and in Europe, the world’s richest region,
disease related malnutrition is a major health problem
for society and for health care. This fact has recently
been identified in the EU. In 2003 the Council of
Europe published the “Resolution on food and nutri-
tional care in hospitals” and is recently followed by a
similar resolution for care homes. Last autumn, the
European Parliament decided that malnutrition in hos-
pitals and other care situations was to be a central fea-
ture in the coming five year ‘Together for Health’ strat-
egy for the entire European Union. The present Czech
EU Presidency now responds to this call by inviting the
Health Ministries of all EU countries to meet with the
European expertise on nutrition to find ways to jointly
tackle this major health problem in Prague later this
week. In the presidency to follow, in Sweden, an
upcoming conference on the elderly should be an
important follow up since malnutrition is particularly
common, with 10-20% of this age group affected by
malnutrition.

The tip of the ice berg

Malnutrition does not show up in the streets in
Europe. Instead malnutrition is a hidden health prob-
lem, residing at home or in care homes. At least 25% of
all patients admitted to hospitals are malnourished or at
risk for malnutrition. Overall, five per cent of the popu-
lation in Europe is estimated to be at risk for malnutri-
tion. Substantially higher figures have repeatedly been
reported from every kind of care situation, in particular
in the elderly where at least 10% have malnutrition or
are at risk of developing malnutrition. Very recent fig-
ures from Sweden show that 15% of the individuals’
ages 75-80+ living at home are at risk for malnutrition.
Malnutrition associated with disease is associated with
markedly higher risks for complications/comorbidity,
poor quality of life, increased need for care both as out

patients and in hospitals and care institutions. Mal-
nourished patients have a higher mortality compared to
well nourished patients. In the UK shows 3 million citi-
zens suffer from malnutrition. The situation is similar
all over Europe with regard to malnutrition as shown
by studies performed in 70 000 patients and individuals
in care homes performed by the European Society for
Clinical Nutrition and Metabolism (ESPEN). Hence,
the UK situation then transforms to at least 33 million
Europeans suffering from malnutrition. The cost for
disease related malnutrition in the UK was estimated to
about 15 billion euro. Again on a European scale this
transforms to at least 170 billion euro annually.

A call for joint action

Numerous studies have shown that nutritional treat-
ment to the malnourished patient improves outcomes,
reduces the cost for care and improves quality of life. In
the UK the cost spent on nutritional treatment is only
about 2,5% of the cost for malnutrition. Other studies
show that the average net savings from oral nutritional
supplements in hospital costs is about 1,000 euros per
patient, mainly related to shorter length of stay an less
need for care.

The main obstacles to improving nutritional care lies
in the lack of awareness for the problem among the gen-
eral public, but also among decision makers and even
care providers. To battle this major problem a global
effort is needed involving all stakeholders. ESPEN, in
association with their respective national society for
clinical nutrition and metabolism alongside the Euro-
pean Nutrition for Health Alliance has initiated a major
effort to improve nutritional care. The targets for
improvements in the care of the malnourished includes:

Public awareness and education

Guideline development and implementation.
— Training in nutritional care.

Mandatory screening for malnutrition.

— National nutritional care plans for nutrition.
Research on malnutrition.

With the upcoming conference in Prague organised
by the EU presidency, we are ready to launch this pan
European movement to minimize the impact of malnu-
trition in Europe. We invite all health ministers and
their ministries to join us and place our experiences and
expertise at their disposal to tackle this major health
problem.
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El aceite de oliva, alma del Mediterraneo
Olive oil, soul of the Mediterranean region

J. M.2 Mataix Verdu y F. J. Barbancho Cisneros. 437 paginas. Editorial: Instituto de Estudio Gienenses-Diputacién

de Jaén.
Ao de edicion: 2008. ISBN: 978-84-96047-59-4.

Este libro sobre el aceite de oliva, primorosamente
editado por la Diputacién Provincial de Jaén, permite
al recientemente fallecido profesor Mataix y al
pediatra Francisco Barbancho realizar un riguroso y
ameno recorrido sobre el aceite, en lo sagrado y lo
profano, de sus propiedades nutricionales y usos
industriales. Un recorrido que también pasa por los
desafios. Del temprano comercio del aceite espaiiol
dan muestra las anforas del monte Testaccio en
Roma; de la pérdida de mercados y valor afiadido,
son testigos los consules espafioles ya desde comien-
zos del XIX; de las propiedades nutricionales y tera-
péuticas se da fe desde los médicos grecorromanos
hasta nuestros dias. Calidad, comercializacion, desa-
rrollo sostenible y salud, prioridades en la coopera-
cién actual entre el tejido empresarial y administra-
ciones publicas.

En cada una de las paginas de la publicacién aparece
destilada la pasion por el aceite que los autores transmi-
ten con un rigor y sensibilidad capaces de convencer al
experto y cautivar al novel. Su conocimiento del tema
no sdlo se cifie a las disciplinas en las que se desempe-
fian como profesionales en medicina y nutricion, sino
que nos ofrece una visién multidisciplinar que mezcla
el cultivo, la historia, la antropologia y, como no podia
ser de otra manera, la perspectiva desde el bienestar y
la salud. Abundan entre el texto mapas e ilustraciones
historicas que van desde un grabado de D. Quijote ali-
viando las heridas de Sancho hasta imdgenes de los
comentarios al Apocalipsis del Beato de Liébana (siglo
XI). Aunque solo sea para hojear las estampas, es un
libro que merece la pena ser tenido entre las manos.

Jesiis M. Culebras

Actualizaciones en el metabolismo y la nutricion de organos y sistemas
Update in metabolism and nutrition of organs and systems

M. Planas Vila. 528 paginas. Editorial: Aula Médica Ediciones.

Afio de edicion: 2009. ISBN: 978-84-7885-486-8.

Desde hace al menos cuatro afios, la SENPE orga-
niza, con el Patrocinio de Nutricia, un curso durante
los congresos anuales de SENPE que es acreditado
por la Secretaria Técnica de la Comisién de Forma-
cién continuada de las profesiones sanitarias de la
Comunidad de Madrid. Estos cursos se han caracteri-
zado por una gran aceptacion y valoracién por parte
del puiblico asistente.

Cada afio los distintos trabajos presentados en el
curso han sido motivo de un monografico extraordina-
rio de la revista “Nutricién Hospitalaria”. En esta oca-
sién los autores han decidido reunir todo lo tratado en
cursos anteriores; pero no se trata de una mera recopila-
cion: cada uno de los autores ha realizado una revisién
y puesta al dia de sus distintos capitulos con la finali-

dad de actualizar posibles novedades mas recientes.
Este libro contiene, por tanto, los conceptos mas actua-
les sobre los diversos aparatos y sistemas que de alguna
manera se interrelacionan con la nutricién clinica.

El libro estd repartido en 4 partes: la primera trata de
la relaciones entre el musculo y la nutricion clinica; la
segunda entre el intestino y la nutricién clinica; la ter-
cera entre el higado, vias biliares, pancreas y nutricién
clinica; la tltima las relaciones entre el sistema nervio-
soy la nutricién clinica. En un total de mas de 500 pagi-
nas los casi 80 autores consiguen que este libro se cons-
tituya en un manual de utilizacién frecuente para la
practica diaria.

Jesiis M. Culebras
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Dela pregunta de investigacion a la ecuacion de busqueda hibliografica:
los descriptores en las ciencias de la nutricion
From the question in research fo the bibliographic search equation.

Descriptors in nutritional sciences

J. Sanz-Valero y C. Wanden-Berghe. 67 paginas. Editorial: Ene Ediciones, S. L.

Afio de edicién: 2009. ISBN: 978-84-85395-76-7.

Esta nueva obra de Javier Sanz Valero y Carmina
Wanden-Berghe concluye la trilogia que, bajo el Patro-
cinio del Laboratorio Abbott, cierra el primer ciclo de
actuacién del grupo de trabajo CDC-NUT de la SEN-
PE. Se trata de un manual evidentemente practico en el
que los autores nos permiten familiarizarnos en la bus-
queda de la bibliografia cientifica, las bases de datos
bibliograficas informatizadas, en la estructura jerarqui-
ca con los descriptores versus las palabras clave, con
los filtros y en especial con los filtros tematicos en nu-
tricion. Al final se incluye un anexo con los principales
descriptores relacionados con la alimentacion y la nutri-
cion. La lectura atenta y la utilizacién de este manual, al

igual que los anteriores, de esta trilogia, permiten una
mayor profesionalidad a la hora de escribir articulos
cientificos de toda indole. Ajustarse estrictamente a la
normativa de referencias bibliograficas: palabras clave,
citaciones, etc... permite que la recuperacion de los ar-
ticulos se realice de la mejor manera, con lo cual se be-
nefician de una mayor difusién que es, en definitiva, el
fin dltimo de nuestras publicaciones.

Todos los libros de esta trilogia son accesibles en
Internet a través de la pagina web de SENPE (www.
senpe.com).

Gonzalo Martin Pena

Indice glucémico - clasificacion fisiologica de los hidratos de carbono

dela dieta

Glycemic index - physiological classification of dietary carbohydrates

T. M. S. Wolever. 287 paginas. Editorial: Acribia, S. A.
Afio de edicion: 2009. ISBN: 978-84-200-1104-2.

Se trata de otro libro de la coleccién Nutricién
Ciencia y Tecnologia de los Alimentos, de Editorial
Acribia S.A..

Con tapas rusticas y en nueve capitulos, nos ofrece
este manual una introduccién historica, la determina-
cion del indice glucémico de los alimentos con consi-
deraciones metodoldgicas, la respuesta de insulina de
los alimentos con hidratos de carbono y la evaluacién
critica del indice insulilémico; los mecanismos por los
cuales los hidratos de carbono diferentes dan lugar a
distintas respuestas glucémicas; el indice glucémico y
su aplicacién en la mezcla de comidas; la medicién
del indice glucémico en la dieta; el indice glucémico
en la salud y en la enfermedad y, finalmente, el indice
glucémico versus carga glucémica.

El término “indice glucémico”, aparecid en la bi-
bliograffa por primera vez en 1981. Se aplicé inicial-
mente al tratamiento de la diabetes y hubo un gran de-
bate y grandes diferencias de opinién acerca de su
papel a este respecto. Durante quince afios se cuestio-
no la utilidad del indice glucémico. Sin embargo, en
los ultimos diez afios ha surgido un interés publico y
cientifico por este indice porque ha llegado a ser evi-
dente que la salud y el desarrollo humano estan influi-
dos por el IG en diversas vias. De particular interés ha
sido el papel del IG en el manejo del peso corporal y
es cada vez mayor el nimero de libros dedicados a
dietas que hacen referencia a élI.

Jesiis M. Culebras
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Manual de dietas simplificado
A simplified manual of diets

A. K. Maher. 206 paginas. Editorial: Acribia, S. A.
Afo de edicién: 2007. ISBN: 978-84-200-1106-6.

Es un manual de dietas de diversas naturaleza. En
12 capitulos y un amplio apéndice se describen las di-
rectrices para la preparacion de dietas; dietas habitua-
les; dietas con consistencia alterada, dietas liquidas y
sus modificaciones, dietas para el control de peso, die-
tas en la diabetes, dietas con restriccioén en grasas, die-
tas con restriccion en sodio, dietas en la enfermedad
renal y hepdtica, dietas con modificacién sin fibra,

Nutrition in kidney disease
Nutricion en la enfermedad renal

otras dietas modificadas. El tltimo capitulo trata sobre
la asistencia en el comedor y las necesidades especia-
les. Finaliza el libro con una serie de otros 12 apéndi-
ces informativos de dietas recomendadas de referen-
cia, de clasificaciones y de contenidos de diversos
elementos en los alimentos.

Jesiis M. Culebras

L. D. Byham-Gray, J. D. Burrowes, G. M. Chertow. 621 pdginas. Editorial: Humana Press.

Afio de edicién: 2008. ISBN: 978-1-58829-781-5.

En este libro, Nutricion en la Enfermedad Renal, los
autores proporcionan una perspectiva amplia sobre la
ciencia emergente de la nutricién en la enfermedad
renal. Este libro importante ha sido escrito por un
grupo de dietistas y médicos dedicados al campo espe-
cifico de la enfermedad renal y la nutricién clinica, que
han dedicado sus carreras al cuidado de pacientes con
esta patologia. Al final de cada capitulo aparecen casos
clinicos que ilustran el tema tratado.

La primera parte se refiere a la funcién renal en la
salud y la enfermedad. Las partes II y III proporcionan
una informacién profunda sobre la prevencién de las
enfermedades comunes asociadas con la enfermedad
renal crénica; las opciones de tratamiento habituales

basadas en la evidencia cientifica mas reciente y en su
manejo. La parte IV describe los problemas nutriciona-
les y las necesidades especiales. La parte V habla de
otros problemas nutritivos en la enfermedad renal tales
como: la nutricién complementaria, la nutricién alterna-
tiva, los aspectos culturales que afectan al seguimiento
de las dietas y los resultados de la investigacion reciente.

El libro Nutricién en la Enfermedad Renal es una
herramienta muy util para los médicos relacionados
con la nutricién y la nefrologia. Esta distribuido en 25
capitulos con un total de 621 paginas, tapas duras y una
edicién muy cuidada.

Jesiis M. Culebras

Nutricion y bienestar - aspectos culturales, genéticos y metabolicos
Nutrition and fitness - cultural, genetic and metabolic aspects

A. P. Simopoulos. 259 pédginas. Editorial: Karger.
Ao de edicion: 2008. ISBN: 978-3-8055-8530-9.

Es un volumen que contiene una seleccion de articu-
los de trabajos presentados en la Conferencia de Nutri-
cion y Bienestar, celebrada en Shangai en Noviembre
de 2006, bajo el Patrocinio del Congreso Mundial
sobre Nutricidn, Bienestar y Salud.

En el libro se definen los conceptos: nutricion, bienestar,
salud positiva, desde la Antigiiedad hasta el momento
actual. Posteriormente hay una serie de articulos centrados
en la importancia de los dcidos grasos Omega 3 y Omega 6
en la salud y en la enfermedad. En otros capitulos se trata
sobre los riesgos genéticos de enfermedad cardiovascular,
del impacto del genotipo APO-E sobre la salud, la nutricién

y el bienestar, la nutricién en la prevencién de la enferme-
dad crénica, la conexidn entre el ejercicio y la obesidad.
Hay otros articulos sobre los factores de riesgo en el cancer
intestinal. También se habla de las dietas mediterraneas
como una fuente global para proteccién de la salud. Final-
mente se tratan algunos aspectos politicos de la nutricion.
El libro es de interés para genetistas, nutricionistas y
dietistas, fisidlogos del ejercicio, antrop6logos, pedia-
tras, internistas, médicos generales y en definitiva para
todos los que tienen alguna relacion con el deporte.

Jesiis M. Culebras
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